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Nipennucnosne 


Poccuiickomy gnoty vicnonHunoch 300 met. 213 wz Hux cygb6a dnoTa TecHo cBA3aHa Cc 
YepHomopckim dnorom “ Cesactononem. Ha BoeHHo-vcTopuyeckoh ceccun 6-4 MexayHapogHon KpbiImMcKon 
KOHepeHyMY “CBY-TexHMka WU TeENeKOMMYHVKALMOHHBIe TEXHONMOrMin”, KOTODaA NCCBAWIeHa QTOMY CNaBHOMY 
foOunelo, Sbinw Mpepcrasnetb! AoKNafib! Mo KCTCpHM cOsnaHMm WM pasBYTMA COYTHMKOBLIX cUuCTeM CBA3M, 
HaBiralvi4 W panvosOKalMOHHbIX cpencTa BoedHo-MopcKora @nota, o6 ucTropuu noasneHuA u paaByTnA 
BLIMMCHUTENbHOW TeEXHHk Ha UepHoOMOpcKOM dnote, a TakOKe NPKBeLCHbI HOBbIe cBefeHVA O06 UuccneAOBAaHUAX 
vsoGpetatens panvocaran A.C. Monoga, ASATeMbHOCTb KOTOPOrO Taloxe 6HbINa TeCHO cBS3aHa Cc BoeHHo- 
Mopcxum ®notom vu Cesactorionem. 

B cOopH¥kK matepnariog 6-H KoNdepeHymM BKMIOYeHO 118 gOKNAagOB yYeHDIx v4 CNeEUMaRUCTOB U3 
Ykpautibt, Poccuu, Benopyceuw w Tepmarav, B KOTOpbIX npepcrasnettst DEG3yMbTaTbl MCCNeQORaAHUK 
paspaoTok Kak NO HaNPaBNeHKAM, CTABLUAM TpasViCHHeImMM Ha KpbiMcKAx KOoH@epenuMAx (CBU-ycunutemn, 
TPaHSUcTOpel W WHTerpalibHble CXeMbl; CACTEMHOe MpoeKTMpORaHMe; NOArOTOBKA MHKeHeEpoR moO CBU-TexHuKe; 
CNYTHAKOBBIE MW HaseMHbIe CUCTEMb! CBA3K i BeujaHin; CBY-sneKTpoHuvta ceepxGonbui“x moulHoCcTel uv 
NAa@SMeHHaA SNeKTPOHMKa, ANTCHHbI M AHTEHHLIO @NEMEHTb!, TREDNOTeNbHble M aNneKTpOBakyyMHble NOVGOpbI uv 
yeTpovicTBa; TeOopuA sreKTpOMAarHMTHOrO «nonAa wv pacnpoctpaHeHve paguosont; CBUY-u3mepenun: 
MpovsBogicTBo WM Kenbiradva; CBU-rexHuKa B MeAULUMHeE VW NDOMbILINeHHOCTH; ycTpolicTBa WM CUCTeMBr 
avanoroso KW UWNdpoBol ofpaboTkn CBY-curHanos), Tak vono HOBbIM HaNpaBNekYRM, K 4YMCNY KOTOPbIX 
OTHOCHTCA Take HanpaBneHun, Kak HAHOTeXHONOMMA MW HaHOSnekTponuKa. Bnepspie Taoxe 8 pamKax 
KOHdepentivn Sbin npone“yeH CeMMHAp NO MVKPOBONHOBLIM VHTerpupoBaHHbio TeNnepa BUOVNDOpMAaLIMOHHbIM 
cuctemam (cuctemam MATPUC). 

Brarogapio Bcex, KTO CHEN BO3MOXKHbIM NOLENMTbCA pesyNbTaTaMuY cROeM AeATeNnbHOCTU Ha HaWweli 
KOHMEPSHUUN. 

briarofapio Take OprakvsallMn, WIbICKABLUME BOSMOKHOCTh GbMH@HCMPOBAHUR BTaNoB MogroTOBKH 
kon@epenunw: THRO “Opvon" Foceviicxoro HAM Kocmuyeckoro npudopoctpoenus (Mocksa, Poccusn), HAY 
PaAKOSNeKTPOHHOW TexHuKw “TOP” npu HaijvonaneHom TexHuyeckom yHusepcuteTe Yepavnb! “KIM” (Kuve, 
Yepauna), HUA xomnnexcHoH aptomatu3ayyni (floneyx, YepawHa). OrTgenbHan 6narofapHocta 
CepactononbcKomy rocyfapcTseHHomy TexHyuecKoMy yHYBepcuTeTy, BLINeNMBWeMy NOMELUEHHA ANA 
NpoBemeHwR KOKdepeHyuu, MypHany “Tene-CnytHmk” (C.-MerepSypr, Poccns), BbICTYNMMBIIEMY B Ka4ecTBe 
VHDOPMAaLWOHHOTO CNOHCOpa CeMuHapa, a Taloxe corny European Research Office of the United States Army 
(London, England), Ha cpeycTBa KoTopore vagaH HacTORUM C6OpHUK. 


1.1. EpmMonos 
npepcegatenb Opranv3sauMoHHoro uv MporoamMMHore KOMUTeETOB 


Foreword 


Russian Fleet celebrated its 300th anniversary. 213 years from those 360 the Fleet's history is closely 
connected with the Black Sea Fleet and Sevastopol. The 6th International Crimean Conference “Microwave & 
Telecommunication Technology” is dedicated to this remarkable event. The Miliiary-historical session of the 
conference presented the papers dealing with the history of creation and development of satellite 
communication and navigation systems and radiolocation media of the Navy, as well as those on the topic of 
history of computation technique advent and development on the Black Sea Fleet. The new facts about the 
researches of radioinventor Popov, whose activity was closely connected with the Black Sea Fleet and 
Sevastopol, were presented. 

118 papers form the Proceedings of the 6ih Conference. In those papers the scientists from Ukraine, 
Russia, Belarus and Germany presented the results of researches and elaborations on the trends which have 
become traditional for the Crimean conferences (microwave amplifiers, transistors and ICs: systems design; 
microwave education; satellite and terrestrial communication and broadcasting. systems; very high power 
microwave electronics and plasma electronics; antennas and antenna elements; solid-state and vacuum 
devices; electromagnetic field theory and microwave propagation; microwave measurements: producing and 
testing; medical and industrial applications; devices and systems of analog and digital processing of microwave 
signals) as well as on the new ones (nanotechnology and nanoelectronics trend). For the first time paralelly with 
the conference a workshop on the topic of microwave TV, radio and information integrated systems (MUTPUC- 
systems) was held. 

My gratitude to everybody who could share their knowledge with the others. 

| would like to thank all the sponsoring organizations of the conference: Orion Co. of Russian SRI of 
space instrumentation (Moscow, Russia), SRI of radioelectronic equipment “TOR” at NTU of Ukraine “KPI” 
(Kiev, Ukraine), Research Institute of Complex Automation (Donetsk, Ukraine). A special word of thanks to 
Sevastopol State Technical University which has assigned an auditorium for the conference, to “Tele-Sputnik" 
magazine (St. Petersburg, Russia) for information sponsoring of the workshop and to European Research Office 
of United States Army (London, England) which provided funds for the Conference Proceedings publishing. 


P,P. Yermclov 
Conference Chairman 


Matepuaant 6-4 Memaynapoanott Reemcnoit Aexposoanonalt Keuepenuwi RbetuRa G6. 16-19 cenrnSps 1996 v., Cesactonoas, Kppim, Yepauua 
Proceedings of 6th International Zeamean Peerowave Zenterence CriMif2e'G6. 16-19 Septernber 1996, Sevastopol, Crimea, Ukraine lil 





OPPAHH3SAUMOHHbIM KOMMTET 


KOHOEPEHUMM 


Anbi6una H.H. 
AO “PAZEM”, Mocxea, P® 
Aptioxoe M.B. 
npednpusmue “Bebep”, Ceeacmorionb, Kpbin, 
Yxpauna (3a. npedcedamens) 
Acboun WL. 
CITY, Ceeacmononh, Kpbim, ¥Ykpauna 
HeumnwenKo WH. 
HVUUKA, Horeux, Yxpauna 
Ecmonos 11.11. 
ripednpuamue “Be6bep”, Ceeacmoriosib, Kpein, 
YepauHa (npedcedamenb) 
Unsuenko M.E. 
HTYY “KTM”, Kues, Ykpauna 
Aykpansuye AS. 
CIrTy, Cesacmoriomb, Kppin, Ykpauva 
MogenpcKnit A. 
Banwaeckull mexsonioeuyeckuu yH-m, Monbua 
Ocoxne A.B. 
YepyomopcKul cdbriom P®, Ceeacmorianb, Kobim 
Merkun A.A. 
YepHomopckull cbriom P@, Ceeacmonosib, Kpbim 
CynAyuxos K.C. 
AO HINA “Camypxu", Kuee, Yepauna 
Tpwxorra Fi. 
Mempononumer-yHueepcumem, Jludc, Asanus 


MiPOrPAMMHBIM KOMUTET 
KOH@EPEHUMM 


4.1.4. Anbidoisn BF. 

FHIIO “Opuon”, Mocxea, PO 
Bonognun B.M. 
YepHomopcKkull dbriom P®, Cesacmononb, Kpbiv 
npocb. Fopotey H.H. 

XTY, XapbKoe, Ykpauxa 
K.7.H. Epmornoe [1.1 (npegcenarenb) 
npednpunmue “Be6ep”, Cesacmononb, YkpauHa 
npoo. AnbvexrnKe M.E. 

HTYY “KTIM", Kuee, Ykpauna 
K.T.H. JIumatos A.A, 

HLL KBUYC, Kuee, Yepauna 
npod. Jlo6koga J1.M. 

CIrTy, Cegacmononb, Ykpauna 
npod. Marga .K. 

HHL] “XOTW", XappKoe, Ykpauva 
K.cb.-M.H. OOyxos M.A. 

HUY “Heribma”, Mocxea, P® 
npod. Mapnenxo 10.0, 

FHITO “Mempornoeun”, XapbKoe, YkpauHa 
npod. Fimmexnos 10.B. 
MTYCH, Mocxea, P® 
ripod. Mpoxopos 3.71. 

XTY, XapbKoe, Ykpauna 
4.7.4. Connyxos A.C. 

UTTY PAH, Mocxea, P® 
4.7.K. CynaAyskos K.C. 

AQ Hl “Camypr’, Kuee, Yepauna 
K.0).-M.H. Yotastos B.B. 

_CKTB ¢ SII UAW HAH Yrpaurb!, Kues 
K.T.H. Wenkosynxos 5B.H. 
HTYY “KTIVi", Kuee, Yepauna 


ORGANIZING 
COMMIOUTEE 


Alybina N.N. 
RADEM Co., Moscow, Russia 
Artyukhov P.V. 
Weber Co., Sevastopol, 
Crimea, Ukraine (vice-chairman) 
Afonin I.L. 
SSTU, Sevastopol, Crimea, Ukraine 
Denishchenko I.Ya. 
SRI of Complex Automation, Donetsk, Ukraine 
Yermoloy P.P. 
Weber Co., Sevastopol, 
Crimea, Ukraine (chairman) 
lichenko M.Ye. 
NTUU “KPI”, Kiev, Ukraine 
Lukyanchuk A.G. 
SSTU, Sevastopol, Crimea, Ukraine 
Modelski J. 
Warsaw University of Technology, Poland 
Osokin A.V. 
Black Sea Fieet of Russia, Sevastopo! 
Penkin A.A. 
Black Sea Fleet of Russia, Sevastopol 
Sunduchkov K.S. 
Joint-stock company “Saturn”, Kiev, Ukraine 
Trinogga L. 
Leeds Metropolitan University, England 


TECHNICAL PROGRAMME 
COMMITTEE 


DSc. Alybin V.G. 
Orion Co., Moscow, Russia 
Volodin V.1. 
Black Sea Fleet of Russia, Sevastopol 
Prof. Gorobets N.N. 

Kharkov State University, Ukraine 
CSc. Yermolov P.P. (chairman) 
Weber Co., Sevastopol], Crimea, Ukraine 
Prof. tichenko M.Ye. 

NTUU “KPI”, Kiev, Ukraine 
CSc. Lipatov A.A. 

SPC KMICC, Kiev, Ukraine 
Prof. Lobkova L.M. 

SSTU, Sevastopol, Crimea, Ukraine 
Prof. Magda I.1. 

NSC “KhF TV, Kharkov, Ukraine 
CSc. Obukhov |.A. 

SRI “Delta”, Moscow, Russia 
Prof. Pavienko Yu.F. 

SSIA “Metrology”, Kharkov, Ukraine 
Prof. Pimenov Yu.V. 

MTUCI, Moscow, Russia 
Prof. Prokhorov E.D. 

Kharkov State University, Ukraine 
DSc. Soviukov A.S. 

Institute of Control Sciences of RAS, Moscow 
DSc. Sunduchkov K.S. 
Joint-stock company “Saturn”, Kiev, Ukraine 
CSc. Ustalov V.V. 

SBDT with EP INR at NAS of Ukraine, Kiev 
CSc. Shelkovnikov B.N. 

NTUU “KPI’, Kiev, Ukraine 


IV Marepuaan 6-% Memaynapoanol Keamcnoit Aenponcanosol Aenbepenynis Rear Re G6. 16-19 centa6on 1996 v., Cesactonoan, Kopin, Ypanua 


Proceedings of 6th International Geanean “Aficrowave Genference Grivtd2e'GE. 16-19 September 1996, Sevastopol, Crimea, Ukraine 








Jakashble 4 o63s0pHbie MoKNanb! 
Invited Papers 


PoecHHo-ucTopuyeckan ceccua 
Military-Historical Session 


CBYU-ycunvitenv, Tpan3svcTopbl W MHTerpanbuble cxembi 
Microwave Amplifiers, Transistors & IC 


CucTemHoe npoextMposanue / MogroropKa HiibKeHepos no CBY-rexHuKke 
Systems Design / Microwave Education 


CnyTHMKOBbie f HaseMHbie CHCTeMb! GCBASK M BeWaHUR 
Satellite & Terrestrial Communication & Broadcasting Systems 


CBY-snektpouuka cBepxGonbuiMx MOWHOCTeM W NnagMeHHaa SFiCKTPOHMKa 
Very High Power Microwave Electronics & Plasma Electronics 


AHTCHHbI VM aHTeHHble snemMmeHTh! 
Antennas & Antenna Elements 


rlaHOTeXHONOCrMa KW HAHOSNeKTpONMKa 
Nanotechnology & Nanoelectronics 


 Feepgorenbusie vi SNEKTPOBaKyyMHbie npwSoppbi 4 yctpouctsa 
Solid State & Vacuum Devices 


Teopus anextpomarkMTHoro Nona m pacnpoctpanenne paavoBonkH 
Field Theory & Microwave Propagation 


CBYU-v3smMepeHun 
Microwave Measurements 


NponsBogCcTBo Mu KcnbITaHMs 
Producing & Testing 


Npumenenne CBU-TexHukn B MeAMUMHe 4M NpoMbIWneHHOCTH 
Medica! & Industrial Applications 


YetpovicTBa MH CUCTeMb! aHanoroBon u WNcbpoBol o6paSotTKkn CBU-curnanoB 
Devices and Systems of Analog & Digital Processing of Microwave Signals 


MuKpoOBONHOBLIC AHTerpMpoBaHHble TenepannovnkopmMauvoHHble CHCTEMbI 
Microwave TV, Radio and Information Integrated Systems 


Marepuaani 6-4 Memaynaponnol Rewucnal Mecpovoanonott Aonpepenunn ReocHeRo GE. 16-19 cevmépa 1996 c., Ceaacronoan, Kopin, Yepanua 
Praceedings of 6th International Geamean *Aécrowave Conference CeerHGle'G6. 16-19 September 1996, Sevastopol, Crimea, Ukraine 





















































ae 
Gir ret : 
: Oi, BUS we Re A 
tal a A om be Bh det 
x af : t ~ < 
Ber OH a a a Pics 
P i 4 W isd & 
. i wat» Kea ae Oy bd & 
x 7, 


Contents 





Sakashbie WM OOsOPHbie AoKsiayb! 
Invited Papers 


MAROCLWYMALLHME TPAHSKACTOPL! MUNNMMETPOBCrO KM CYBMANIVMETPOBOTO 

JMANASOHOB CNWH BORK. MATEPMANDI VM TEXHONOPMA 

B.VY. Bocnit, A.B. Asauys, H.10. Anny, E.M. Cemaiiko, K.C. CYHAYSOB.....ceccsesonesseeneestsocecetisentenstorsenonnenneces 3 
LOW-NOISE TRANSISTORS OF MILLIMETER AND SUBMILLIMETER BAND. 

MATERIALS AND TECHNOLOGY 

Vj. Bosyi, A.V. Ivashchuk, | Yu. if'in, &.M. Semashko, K.S. Sunduchkov 


COCTOAHME 4 NEPCIEKTHEB! PASPABOTOK WAPOKONONOCHDIX 

TBEPDOTENbHbIX YCHUNMTENEA MOWIHOCTH CBYU-QUANASOHA ! 

A.A. KAU OCK AT cn ccicssceccsccccrsscncvavscsatesedseasassescvsosedsncanasanssectosneentesouscasccnsnvavatsnubénetecssecsadeocausethaarnaceadusansnneanavnneedunaoteaueees 19 
A BROADBAND SOLID-STATE MICROWAVE POWER AMPLIFIERS - 

STATE-OF-THE-ART AND FUTURE 

A.A. Kistchinsky 


MOHOMNMTHO-VHTEFPPANBHBIE SNEMEHTbI KM YCTPOUCTBA 

MVUIIMMETPOBOMO JMAMASOHA BOTH 

M.A. Kiraes, BLP. OCHO, O.C. OD FOB... ee cesnensreentesnrseesrsaveccennneesenneeseerenenssnsnenansaannencersenssensacnausentaqeatanceens 15 
MMIC COMPONENTS AND DEVICES 

MLA. Kitayev, V.P. Osipov, O.S. Orlov 


OYHKLIVOHANBHAR A TEXHONOPMYECKAR VHTEPPALIAH 

B MAKPOBONHOBOHM ONTOSGNEKTPOHMKE | 
K.C. Cyunyuxos, B.M. Ocuucknit, A.A. MeprasnncKknd, VLE. Mn eHno, A.A. BODOHEKO........-seseesecenterees 25 
THE FUNCTIONAL AND TECHNOLOGICAL INTEGRATION IN MICROWAVE OPTOELECTRONIC 

K. Sunduchkov, V. Osirsky, A. Mergvinsky, M. Iichenko, A. Voronko 


PEHEPALIMS CBYU-KONEBAHAM 6 ZAMEDSIFIOUWIMX JSIMHMAAX 

CG MATHATHOU CAMOM3SONALIVEW 

B.A. Banaxupes, 17.4. Mapicos, 0.58. CoTHAKOS, FOB. TKAYL.....ccsseresseeneenecneeteceeneenuneeenaaeusneunsnceenneauereuaneneenearentes 34 
GENERATION OF UHF OSCILLATIONS IN SLOW-WAVE STRUCTURES 

UNDER MAGNETIC SELF-INSULATION 

V.A, Balakirev, P.!. Markov, G.V. Sotnikov, Yu.V. Tkach 


NPVHUMN A MOGENb KOTEPEHTHOIO SIEKTPOHHOIO TPAHCHOPTA - 

CG CAMOOPLFAHHZALIVEK B HAHOCTPYKTYPAX 

VV. AG amon, ASI. TIGHUMION........cccccccesessetssscsssenseneeenstesseussnscssecsooresseusecensceeneusnnseseenamnauseenescaenossamenssuaeneracusenuersat 45 
A PRINCIPLE AND MODEL OF COHERENT ELECTRON TRANSPORT 

WITH SELF-ORGANIZATION IN NANOSTRUCTURES 

11. Abramov, A.L. Danilyuk 


NPHBOPbI HA OCHOBE KBAHTOBbIX NPOBOAOB: NEPCHEKTUBb! WM NPOBNEMDbI! 

VA. OG YKOD.......cscsccccssccsssotsercnsseesoessnnrsassssoncosscversesceessocsssossusssaceureasocernuuesssensacraurneasenenensneausacasanssdeessansanesoaessuaesssaversauen 55 
DEVICES BASED ON QUANTUM WIRES: PERSPECTIVES AND PROBL EMS 

LA. Obukhov 


CUCTEMA SnEKTPOMArFHATHOTO Shen ry Ener’ MOHUTOPKMHIA 

TA. Mopo3son, 10.©. CementsHHiOB....ccscscssesecssrsssesesossterssersssoracesearscersesoesssoressnesunocosecontencnssusesseonauenentssersuvananeannseae 165 
DEVELOPMENT OF ECOLOGICAL ELECTROMAGNETIC MONITORING SYSTEM 

G.A. Morozov, Yu.E. Sedelnikov 


VI Marepitaans 6-4 Mexuynapoanolt Keumenoit Muxposoanoaot Kaupepenunn ReeehaRe'G. 16-19 cenrs6pa 1996 r., Cesacranoas, Kppm, Yupauna 
Proceedinge of 6th International Qeeraean “Afécrowave Canlerence Creq2a'96. 16-19 September 1996, Sevastopol, Crimea, Ukraine 





rr 


BIMAHWE CBY-M3NYYENMA HA CTPYKTYPHBIE, DHSMKO-XMMNYECKVE 

Mf SNEKTPODM3ZKYECKKE CBOUCTBA PALA NOnVYAPOBOAHMKOBbIx 
MATEPMANOB U MiPABOPHbIX CTPYKTYP 

A.F. Benses, A.A. Benses, E.@. Bexrep, 4.6. Epmonoruy, C.M. KomupeHKo, 

P.B. Koxaxosa, BP. Sinmun, 8.8. Manenun, 1.8. ipoxonerixo, C.B. CaeuHnkos, 

E.A. Conosnes, 10.A. Tkopux, M.B. Wemernen, VW, Margia.......ccccccscecesssscsesssesesssesecssveseseccoreccesceceeserecocsesessecesees 71 
EFFECT OF MICROWAVE RADIATION ON THE STRUCTURAL, PHYSICO-CHEMICAL 
AND ELECTROPHYSICAL PROPERTIES OF A NUMBER OF SEMICONDUCTOR 
MATERIALS AND DEVICE STRUCTURES 

A.—:, Belayev, A.A. Belayev, E.F. Venger, |.B. Ermolovich, S.M. Komirenko, 

R.V. Konakova, V.G. Lyapin, V.V. Milenin, LV. Prokopenko, S.V. Svechnikov. 

EA. Soloviev, YUuA, Tkhorik, 1.1. Magda , M. V. Shevelev 


BoenHHo-ncTropmueckan ceccns 
Military-Historical Session 


BRIMACTHTENGHAR TEXHUKA HA YEPHOMOPCKOM @NOTE. 

NOABNEHWUE A AUCTOPUVA PASBUTHA 

B.U. Bonoau, 21.8. Mepuyso...........s.ssccscscssssssssovssssssconosssesenonsserstsvssesascossnssasssesssssssesessuaserossrececeessecoseseeseseeseccccece, 93 
COMPUTERS ON THE BLACK SEA NAVY. ADVENT AND DEVELOPMENT 

V.I. Volodin, D.V. Merkulov 


O CAUCTEMHOM OPTAHK3AYMM JEATENBHOCTH A.C. NONOBA 

B MPOUECCE VS3OBPETEHMA AM PAQUOTENEFPADA 

BP DOO TOR ats dcscays as acess svecnsu Sates gave aos Sane sstee ik Rees apes wh fe la aataa th shi 2 Ne a et oh Rt ea 56 
ABOUT SYSTEMATIC AND ORGANIZED A.S. POPOV'S ACTIVITY 

IN THE DEAL OF RADIOTELEGRAPH INVENTION 

Ye.A. Fedotov 


O PAHHUX ONBITAX FT. MAPKOHH B UTA A AHI 

BPR DOO TO Bias iis ecied.re sha tal tev ses ch seek acueteucscy anvaicuccessscaleescs si aee vei tudioad rule pecaa soci dads aesetteeee sdea daha iad tessiaeios 100 
ABOUT EARLY MARCONI’S EXPERIMENTS IN ITALY AND ENGLAND 

Ye.A. Fedotov 


CBU-ycunuTenu, Tpak3sHCcTopbi M AKTerpanbHbie CXeMbI 
Microwave Amplifiers, Transistors & IC 


MANOWYMALIME CBY TPAH3UCTOPHbIE YCMUNUTESIV 

VU MPAMEMO-NPEOBPA3OBATESIbHbIE MOJYNM 

H.B. ilmnyrxosa, V.B. Kpyannun, B.H. Tapacos, B.A. 3aMuer, A.M. Urvatoes, B.D. CanbHKoB.........0000 107 
LOW-NOISE MICROWAVE TRANSISTOR AMPLIFIERS AND RECEIVE-CONVERT MODULES 

N.V. Shipunova, |.V. Kruchinin, V.N. Tarasov, V.A. Zaitsev, A.P. Ignatyev, V.F. Salnikov 


CEPMA WMPOKOMONOCHbIX FUBPUQHO-WVHTETPAMNbHbIX YCHNUTESIEM MOWIHOCTH 

B PAHAPHOM ACNONHEHMM DNA DUANASOHOB 2-4, 4-8 n 8-12 Fru 

B.O. Papmaww, AA. Knuunckni, 6.B. Kppinos, A.X. Hacbipos, E.A. CBUCTOB cc Doexeccccecccecocecececececeeseeccececece, 112 
A PLANAR PACKAGED BROADBAND HYBRID POWER AMPLIFIERS 

FOR 2-4, 4-8 AND 8-12 GHz FREQUENCY BANDS 

V.F. Garmash, A.A. Kistchirisky, B.V. Krylov, A.H. Nasyrov, E.A. Svistov 


YCKHUTENG MOLUHOCTH AMANA3OHA 4-8 [fy C BhIXOHON MOLWHOCTbIO 2,5 Br 
A.A. eee PEI AAG IP OB chet cscsceligeec dala oust tatk deca ed ayssaaa Sautaanedtesaciads us eeeosoeséataida decedent 117 


A.A. Waetehinelay A.H. Nasyrov 


YCUTMTES& MOLIHOCTH ANA PAQUOPENEVHbIX CTAHLIMA 

C YACTOTHOHW MH AMMNAUTY BHO-®AZ0B0K MOJYNALWEK QMAMASOHA 7,9-8,7 Fru 

A.A. Kntynuckni, A.X. Hachipos, E.A. Canctos, 6.B. Kppinos, 10.H. PID OUI Fes casiciceedosavevesh roranenictausdceavaeeuass 120 
7,9-8,7 GHz POWER AMPLIFIER FOR RADIOLINK STATIONS 

WITH FREQUENCY AND QPSK MODULATION 

A.A. Kistchinsky, A.H. Nasyrov, E.A. Svistov, B.V. Krylov, Y.N. Pronin 


Marepvaan 6-H Mexayuapoanoli Reancroli Haxponoanavolh Rougepenyun Rea ReG6. 16-19 cewrmbga 1996 v., Cesacronoan, Kpom, Yepanna VII 
Proceedings of 6th International Zeamean PMécrowave Conference Cref'iGa'G6. 16-19 September 1996, Sevastapol, Crimea, Ukraine 











TPAHCHMIICDAHGHDIA YCHMATENS 

GIL. MMyKow, A.T. Kanno, Bu. Xe tittl....cccsscnesesseneeusnessncsenessseanennemnecssversneuseraueneencuescuunsassenssnanananacunecennseesaanontas 423 
TRANSIMPEDANT AMPLIFIER 

S.P. Zhukov, A.T. Kozlov, V.1. Hitko 


PUBPHENO-MOHONMATHBIE YCUNUTEMA CANTHMETPOBOTO 

M TEVUMMETPOBOTG DRANASOHA INA CHCTEM CBH3Y 

A.B. Koyo, KE. DY IMHOB... oe cscseccccetssccnerenenseecsncenensesenaessensnenaneanneseusonrsonsrsnsaotoneanauenatanezaanienneasnnsenanavnconsasenes ee P40) 
HYBRID MONOLITHIC UHF- and SHF-BAND AMPLIFIERS 

FOR COMMUNICATION SYSTEMS 

A.V. Krutoy, K.V. Dudinov 


NONEBLIE GaAs HOHNHONEPAPOBAMHBIE TPAHSMCTOPBI 

C BAPBEPOM LIOTTKM CAHTHMETPOBOIO DVANASOHA 

DNA CACTEM HABMCALIMK A CBHSIH 

A.B. Kiny Toe, BA. A TIVAR cc cececscrssseevererssnseustonesnnssenseneseconscenessenensossosunensannusensennaanenscuacsasaauansgnesanencesenrersusaetants 130 
ION-DOPED SHF-BAND GaAs MESFETs FOR NAVIGATION 

AND COMMUNICATION SYSTEMS 

AV. Krutov, V.A. Midin 


20-BATTHDIA YCMNUTENb MOLUHOCTH C-HVANASOHA 

VM. ASonpyer, H.B. Anxees, VM. Kyusnepenio, BM. Mute ae... secssecsennssermnserstersessemnesusesesonsenuanes 136 
20 W C-BAND POWER AMPLIFIER 

1M. Abolduyev, N.V. Alkeev, LI. Kushnerenko, V.M. Minnebaev 


BONIHOBOHO-MNTEPPANGHBIE MANOWIYMALIME YCHUAMTENY HA TTW 

BH. Koue rion, FA. KYSHOUOB Lc cscccscoeseeetnonssesneesesnceessereuensessnenensnausnescaseanenscansnsunsersaeseesensessarensnensnenpegenenesenies® 140 
LOW-NOISE FIN-LINE MESFET AMPLIFIERS 

V.N. Kochetkov, G.A. Kuznetsov 


YCHFIMTENK CPEDHEA MOLUHOCTH HA NONERDIX TPAHSUCTOPAX C BAPDEPOM LUOTTKM 

BLT. COCVSIOB.....0.ccceccccsccccesscccusnsesssesevenreustvcvsnscscessscncssencnsarsuccvacosarnessesseusseersdenascosecuensaceuaceusenanranssunevesoneaananesencodunscssoscses 144 
MESFET MEDIUM POWER AMPLIFIERS 

V.P. Osinov 


Cucremnoe npoextuposanne / Mogrotoska vinkenepors no CBYU-TexHMKe 
Systems Design / Microwave Education 


CTOXACTHYECKAR MODENb CUNDTPA 3EPKANDHOTO KAHANA 

BLK. CYHPIYUMOB....ccsccerececnessecsessvsenccesansevsesaeenaentaterecaconequeneensssenesnensauansrsueveuauserssarsnsracauserensnosaenenanannesenerasncevanatentny 151 
THE STOCHASTICAL MODEL OF THE IMAGE CHANNEL FILTER 

M.K. Sunduchkov 


CPABHUTENDHbIN AHANK2 PESYMbTATOB CAHTESA AAEANBHbIX OVABTPOB 

VU OFMbTPOB C DMCCKNATHBHBIMA MOTEPAMM 

MLE. Vnuenno, ML. Pycesa, 1O.B. KarnlHnyeHne, A.B. BOSHION‘......cccscsesesennnsnersseessssensessenneensecoosenensenserss 155 
COMPARATIVE ANALYSIS OF RESULTS OF IDEAL FILTERS’ SYNTHESIS 

AND SYNTHESIS OF FILTERS WITH DISSIPATIVE LOSSES sy 

M.Ye. lichenko, M.N. Guseva, Yu.V. Kalinichenko, A.V. Vozriyuk 


PASPABOTKA CAMP MAFHETPOHHbIX YCHMMTENEN 

KW NPMMEHEHUE EE B YYEBHOM NPOUECCE 

A.B. BacstHoBys, TLA, BapaHOB.......cccccssssssssssenssensenccasscunersesscnsessecensssscasanernensnencsneevecensersiusenssavansesatensecennenannenenes 158 
DEVELOPMENT OF CAD MAGNETRON AMPLIFIERS 

AND ITS APPLICATION TO EDUCATIONAL PROCESS 

AV. Vasyanovich, D.A. Baranov 


OCOGEHHOCTH H3Y4EHMA TEXHUKK CBY B PAMKAX CnELI“ASIbBHOCTU 
“ONYTHHKOBBIE TENEKOMMYHIMKAUMOHHbIE CUCTEMb! 4 TEXHONOTUN” 
MLE. Unb vento, AA. MMnator, B.D, OFCHHVK......csesccseerececesceneneseteeesounsnensenscuserannaccersaseseesenenssessenseneassesuarsens 161 | 
FEATURES OF STUDYING OF A MICROWAVE TECHNIQUE 

WITHIN THE FRAMEWORK OF A SPECIALITY 

“SATELLITE TELECOMMUNICATION SYSTEMS AND TECHNOLOGIES" 
M.Ye. lichenko, A.A. Lipatov, V.F. Oleynik 


VI Marepnaant 6-11 Memnynapoanatt Reemcnon Maxponoarosol Zanpepenynn ReudMaKoG6. 16-19 cevra6pa 1996 r., Ceracronoan, Kppm, Yxpanua 
Proceedings of 6th International Gramean AMacrowave Conference CrorMtele'96 . 16.19 September 1996, Sevastopol, Crimea, Ukraine 











Ghy THAKOBBIG WH NA38eMNbIe GCHCTEMbE CBN3K UM BeulaHMA 
Satetite & Terrestrial Communication & Broadcasting Systems 


KOPOTKOMMAYNECHAR CHCTEMA JBYCTOPOHHER NEPEDAUM 

TENEMETPAUECKOM MH@OOPMALIAM 

B.E. Vieaunye, B91. MypoxopeHio.......cccssssscsssesesesesnrsssosecssarsccesssssnscsersusuecsorsceasersunsassessresseesaueceseece eee eit eae 167 
IMPULSE RADIO TWO-WAY TELECOMMUNICATION SYSTEM 

V.E. Wvashchuk, V.P. Prokhorenke 


TPEXBATTHbIA SWMHERHbIA NEPENATUMK DEUMMETPOBbIX BONH © 

ALM. Kemra, 3.8. fycbaneu, 10.M. Xomenko, B.W. THatne, B.B. PRUE AD cache ct atcccdinascusen ceed ioveadiaeeeeaert nase 169 
SW UHF LINEAR TRANSMITTER 

Ya.M. Kempa, Z.B. Dufanets, Yu.t. Homenko, V.i. Hnativ, V.V. Rycar 


TEXHAYEGKOE OBCHYKMABAHME CETEM CBASU SDH C YUETOM 30HOBOK 

CTPYRTYP bi PASMELIEHMA OBCHYMUBAIOLUUX MPEANPUATUN 

RO MUR ATURE la avast sheeh cecal wea dye tth au cus eve suostacuassna dry ek tely Sa cedtl he factogrtats oe foot nti tee hf Bie etek 174 
TECHNICAL SERVICE IN SDH NETWORK CONSIDERING 

THE ZONE STRUCTURE OF ENTERPRISES ARRANGEMENT 

V.S. Ignatkin 


AMATATOP CNYTHMKOBOrO KAHAIIA CBASK 


ILL. Afonin, Yu.P. Mikhailyuk, 1.B. Savitski 


NPOERTAPOBAHME MANOPABAPHTHOSO MPKEMONEPEDATUVKA 
ANA PADMOPENEWHbIX NVHMA CBA3K Ka-TMVAMASOHA 


DESIGN OF MINIATURE TRANSCEIVER FOR Ka-BAND 
RADIO-RELAY COMMUNICATIONS 
A.Yu. Yevgrafov, V.M. Minnebaev 


CBY-anektpouvka caepxGonbuinx MOUHOCTe MW nnasMeHHan 3neKTpOHuKa 
Very High Power Microwave Electronics & Plasma Electronics 


BYUPKATOP C AHOQHbIM PESCHATOPOM 

K.B. Top6ayee, A.E. KorytrHnuxnk, B.M. Muxainos, E.B. Hecrepos, C.A. Pouwyn«nn, B11. Wynanni......185 
VIRKATOR WITH ANODE RESONATOR CAVITY 

K.V. Gorbachev, A.E. Kagutnitsky, V.M. Mikhailov, E.V. Nesterov, S.A. Roschupkin, V.P. Shumilin 


TEHEPALUA MOWHbIX UMMYSIbCOB CBY HA YCKOPMTENE 

C MHAYKTABHOM COPMUPYIOLWIEM NMHUE 

K.B. Fop6aves, 4.0. Zonoteix, A. Iucuuxun, E.B. Hectepos , B.10. Netpos, C.4. Nnaxcuna, 

C.A. Poulyrikn, B.A. Crporanos , E.B. Yepxbix , 8.01. Wiymanun, PLT. AKOBMERL..... ccc cccccesssccensescsscesneceees 188 
HPM GENERATION ON INDUCTIVE FORMING LINE ACCELERATOR ; 

KV. Gorbachev, E.V. Chernych, 1.0. Zolotych, A.L. Lisichkin, E.V. Nesterov, V.J. Petrov, 

S.D. Plaksina, S.A. Roschupkin, V.A. Stroganov, V.P. Shumilin, D.G. Yakovlev 


KAROPAMETP UMNYAbCHOrS CBY-USNYYEHKA 

A.J. Tiucwuxun, E.B. Hecrepos, B.A. Crporanoa, B.N. MEINE ooo she earaesacicwcesvcsescoucaniiscccrebassestadicela hati 192 
PULSED POWER MICROWAVE CALORIMETER 

A.L. Lisichkin, E.V. Nesterov, V.P. Shumilin, V.A. Stroganov 


FEHEPALIVA MOLJHbIX MAKPOBOSIHOBLIX MMFIYNbCOB NPV 3ANUTKE 

OTPAMATENbBHOIO TPUODA OT AHAYKTHBHOFO HAKONUTENA 

K.B. Top6aues, A.H. Augenxo, E.B. Hecrepos, C.A. Powynkun, B.A. Crporavos, B.N. WWymmmn............ 195 
HIGH POWER MICROWAVE PULSES GENERATION 

IN REFLEX TRIODE WITH INDUCTIVE STORAGE 

K.V. Gorbachev, A.N. Didenko, E.V. Nesterov, S.A. Roschupkin, V.P. Shumiln, V.A. Stroganov 


Marepuaant 6-1 Menayuapoanot Rewmcxoii Maexponoanonoit Kouhepenunn ReaMueRo'G6. 16-19 ceumbpa 19% r., Cevacronoan, Kpnim, Yxpauna r 
Proceedings of 6th International Zeemean *Aécrowave Conference Ceerffi2o'G6. 16-19 September 1996, Sevastopol, Crimea, Ukraine LX 











CNMPANbHbIE 3AMEANAIOWIME CTPYKTYPbI JNA TEHEPATOPOB 

C MAFHUATHOKM CAMOM3ONALIMEM 

B.A. Banaxnpes, TW. Mapros, 0.B. COTHMKOB.........ccssssssrecstensceearnsssnsvscsevensnsssnsesenneesasnrsensousauscesensnnecransasesnaces 198 
HELIX SLOW-WAVE STRUCTURES FOR GENERATORS WITH MAGNETIC SELF-INSULATION 

V.A. Balakirev, P.!. Markov, G.V. Sotnikov 


PA3BYTHE DMHAMMYECKOLO XAOCA PPV HENAHEAHOM B3AMMOfENCTBUM 

BONH B HEOrTPAHMYEHHON MIASME BES MATHMTHOrO NonAr 

B.A. Byu, O.B. Maxyiinenxo, B.M. Mypator, A.11. TOMCTONYHCKHE.......ccscesessesssensseetersssnenseseussessoesinessseneersenens 202 
DEVELOPMENT OF DYNAMICAL CHAOS UNDER NONLINEAR INTERACTION 

OF WAVES IN UNBOUNDED UNMAGNETIZED PLASMA 

V.A. Buts, O.V. Manuilenko, V.I. Muratov, A.P. Tolstoluzhsky 


NYY4YKOBO-NNASMEHHbIM FEHEPATOP-YCUNUTENb 

A.®, Anucos, A.K. Bepesnn, A.B. Boponkun, IO.M. Iankano, V.H. Onmuerko, A.B. DahHGepr.............00 206 
BEAM-PLASMA GENERATOR-AMPLIFIER 

A.F. Alisov, A.K. Berezin, A.V. Borodkin, Yu.M. Lyapkalo, !.N. Onishchenko, Ya.B. Fainberg 


BOSBYKOZEHME SMM CUNbHOTOYHDIM PSN B MATHMATHOM MOse 

B.A. Banakvipe, 31. CHG@MbHMKOB.......cssccssccsssencscecsersscsseccssscsnucsssenssssasesonassscenseasserscaneestseanessasenseenaeeseseenseessanens 209 
THE EMP EXCITATION BY PULSED HIGH-CURRENT REB IN A MAGNETIC FIELD 

V.A. Balakirev, G.L. Sidelnikov 


AHTeHHbI MV aHTeHHble 3NeMeHThI 
Antennas & Antenna Elements 


PACYUET PACNPENENEHNA TOKA, BXOAHbIX CONPOTUBNEHUH Vi 

QVACPAMMb! HANPABNEHHOCTKH AHTEHH, PACHONOMEHHbIX 

HA, MHOrOCNOMHON AUSNEKTPAYECKONM CTPYKTYPONW 

C.K. Pomaros, B.B. Boa poe, VB. BOMOQUHa........cccccscrccsssssesscnsessnsnnssesesnrseeusscescesanssenececsescenasonsennensnssoaaeranssoarens 215 
THE CALCULATION OF CURRENT DISTRIBUTION, INPUT IMPEDANCE 

AND PATTERN OF ANTENNAS WHICH ARE LOCATED OVER 

MULTYLAYERED DIELECTRIC STRUCTURE 

S.|. Romanov, V.V. Bodrov, |.V. Volodina 


AHTEHHb! JNA AMMMYSIbCHOrO A3SNYYEHMA. OCOBEHHOCTH ONPEAENEHKA NAPAMETPOB 

B.E. UipainyK, B.I1. MpoxOpeHnio..........cssssssssssecsesssessccsusstesescersssnnerenssnsnassersctonssnesscesanennenencenernarsnanesaenearenensanecscesnas 218 
ANTENNAS FOR IMPULSE RADIATION. 

SPECIAL FEATURES OF THE PARAMETERS DETERMINATION 

V.E. Ilvashchuk, V.P. Prokhorenko 


LUMPOKONONOCHbIN LIENEBOUW U3SNYYATENb A NVHEAHORM 
AHTEHHOW PEWETKM C LUIMPOKMM CEKTOPOM CKAHMPOBAHMA 


A.B. EFODKWHLA....c.ecccccseeccscsseeesenerssssscscssnsreansacenoussanssserersensessnsesassenrsenssenseanensneavasensecetanoeerenacennsaesusomsanarossansuranenganerenseaes 222 
BROADBAND SLOT LINE RADIATOR FOR WIDE-SCAN LINEAR ARRAYS 

A.V. Egorkin 

nPOrPAMMA PACYUETA NAPAMETPOB SKBUXUCTAHTHON NMUHEWHOW AHTEHHOM PEWETKH 

A.B. Eropkiti, CIO. MaciioB......scssssscssssesssecnsssensescerorsscersnsesnssossssscansesnscensssesenseeounenenesensvsnaaseoracses eeu Sestslsts-cuavoosacnes 227 


— 


CALCULATION PROGRAM OF EQUALLY SPACED LINEAR ANTENNA ARRAY 
A.V. Egorkin, S.J. Maslov 


CPABHEHME PEZOHAHCHbIX CBOMCTB Y3KUX WENEUV B BONHOBODAX: 

NONIOM, HAFPYKEHHOM F PEBEHKON UI CNOMCTbIM DJUSNEKTPUKOM 

iin. Avy, V.B. Fop6ay, A.B. KnpOHKHHa, B.A. Ka TPH... csssssssssssenssccseesseersseenseessentsatsenennsennenensscresnenenees 232 
COMPARISON OF RESONANCE PROPERTIES OF NARROW SLOTS IN HOLLOW WAVE- 

GUIDES AND ONES LOADED WITH CORRUGATED SYSTEM OR LAYER DIELECTRIC 

L.P. Yatsuk, 1.V. Gorbach, A.V. Zhironkina, V.A. Katrich 


DQUHAMUKA OMY, U3SNYY4YEHHbIX ANEPTYPHbIMU AHTEHHAMI, B MNOCKOCTHX, 

NAPAIINENbHbIX PACKPbIBY PYNOPA 

B.A. Banakuipes, [.31. CURQGNDHUKOB............cccceccensssesnessasssnssesssnectneceneneeaetsuanaaensecsenennensuentersaussenuneunsesseesenaunotenaesass 236 
THE DYNAMICS OF EMP RADIATED BY APERTURE ANTENNAS IN THE PLATES, 

PARALLEL TO HORN OPENING 

V.A. Balakirev, G.L. Sidel’nikov 


Martepnaant 6-1 Meaaynapoanali Rewmcnon “Aatponoanosoit Koupepenum ReaMaRe'G6. 16-19 cenm6pa 1996 r., Ceaacronoan, Kpaim, Yepanita 
xX Proceedings of 6th International Gramean Mécrowave Gonference Cecvitd2o'G6. 16-19 September 1996, Sevastopol, Crimea, Ukraine 











TPAHC®OPMAUMA CNEKTPA LUMPOKONONOCHOrO CUTHANA, 

U3NY4EHHOFO CAMMETPHYHbIM BUBPATOPOM 

A.M. Actaiixun, B.B. Mpoce, K.B. TRU OUON oe cks dsastcrdesy cipcn apt etyins chal cb scas alg el ah Daisy uqi eee ah om tte 240 
TRANSFORMATION OF SPECTRUM OF WIDE-BAND SIGNAL, RADIATED BY SYMMETRIC DIPOLE 

A.|. Astaikin, V.B. Profe, K.V. Trotsyuk 


XAPAKTEPUCTHMKK HANPABNEHHOCTH KBAAPATHbIX A KPYTOBbIX 

AHTEHHbIX PELUETOK CO CNABO 3ANONHEHHOR ANEPTYPONW 

H.H. FopoG6eu, A.B. KonoGenko, 10.H. EOD OG GE ssasescssassitage tenn dchsves essch ctancitd say eyheenttaornisednistaetets ee cs 244 
DIRECTIVITY CHARACTERISTICS OF THE SQUARE AND CIRCULAR 

ANTENNA ARRAY WITH A WEAK FILLED APERTURE 

N.N. Gorobets, A.B. Zholobenko, Yu.N. Gorobets 


HANPABNEHHbIE W NONAPU3SALUMOHHBIE XAPAKTEPUCTUKU KOHMYECKMX 

PYNOPHbIX USNYYATENEN C M3NOMOM YrNnA PACTBOPA . 

FLED FopOGets, BM. LaxOw...sscccsnresessssnsssvonnnensnoanerssensssreesousesessanesnerentmnsrsesssnetaeeseavastsiectessenesececceeeegeseescsccccc 249 
DIRECTIONAL AND POLARIZATIONAL CHARACTERISTICS OF CONICAL HORN 

RADIATORS WITH THE FLARE-ANGLE BREAK 

N.N. Gorobets, V.M. Dakhov 


USNIYYEHME SNEKTPHYECKOrO BUBPATOPA, OPMEHTUPOBAHHOro 

NEPNEHAUKYNAPHO NPRMOYFONBHOMY QKPAHY 

FLAT, EESIMCOOESA..-sssescosseccnseovtstseeetnteesrsssoseneenasteveestenneresestceusteeaestentnreetentetrmsetesentesqertessetsceeeesececcseseesscgg 254 
RADIATION OF ELECTRIC VIBRATOR ORIENTED PERPENDICULAR 

TO THE RECTANGULAR SCREEN 

N.P. Yeliseyeva 


MOAENUPOBAHVE AMMMUTYQHO-MA30B0Oro PACNPEQENEHUNA B ANEPTYPE 

ABYX3EPKAJIbHOU AHTEHHbI C YYUETOM FEOMETPHI MANOrO 3EPKANA 

JI.M. Slo6xowa, A.A. Mupor, K.A. PF ONUKOB, A.B. BOBK...........cccsssessssesosssesscecssessanarssessrsesstoressessesesesessosssoesosecccesce 259 
SIMULATION OF MAGNITUDE-PHASE DISTRIBUTIONS INAPERTURES 

OF DUAL-REFLECTOR AERIAL IN VIEW OF CONTRREFLECTOR GEOMETRY 

L.M. Lobkova, A.A. Pirog, K.A. Golikov, A.B. Vovk 


ONMPEGENEHWVE XAPAKTEPHCTUK ABYX3EPKASIbHbIX AHTEHH B NPMBAVOKEHUM ®PEHESIA 

JI.M. FloGkospa, A.A. CABOYKUH, FB. CTYMAKOB.....sccscssssessserssesssesssessssesssssusseessenaceeststassssstisasesttnescseeeeessoeeecseccccccce 263 
DETERMINATIONS OF RADIATION CHARACTERISTICS OF DUAL-REFLECTOR AERIAL 

IN FRISHNEL APPROACH 

L.M. Lobkova, A.A. Savochkin, G.V. Stupacov 


MOSENUPOBAHME XAPAKTEPMCTUK PAMOUHbIX AHTEHH 

J1.M. NloGkosa, M.B. TIPOLMEHKO, O.A. FOCHBI....sessescscssscsessssssseessssesensssussessecrsstssssseesssssisesesssiinseeseseseseccessseseccscce 267 
MODELLING OF CHARACTERISTICS OF FRAME AERIALS 

LM. Lobkova, M.B. Protsenko, O.A. Posny 


KOMNBIOTEPHbIN AHANMN3 DUVANAZOHHbIX XAPAKTEPUCTUK 

AHTEHHbIX PELUETOK BETYLUEMW BONHbI 

H.H. Topo6eu, O.H. Fopo6eu, B.M. faxos, A.B. Konobenko, B.A. KaTpuy, 

B.U. Kuiixo, B.C. Nonos, B.A. BesntogpKo, C.P. Bounapb, T.H. FAUMWOM ep sscdespiaicasessietassieeieia leet teddies 272 
COMPUTER ANALYSIS OF BAND CHARACTERISTICS OF TRAVELLING WAVE ANTENNA ARRAYS 

N.N. Gorobets, Yu.N. Gorobets, V.M. Dakhov, A.B. Zholobenko, V.A. Katrich, mS 

V.1. Kiyko, V.S. Popov, V.Ya. Bezludko, S.G. Bondar, T.N. Yatsuk 


AHAMMUS3 T-COEQUHEHMA N-BONHOBOJA C NPAMOYFObHbIM B E-OCKOCTH 

BL. KpbpkaHoBcKuit, 10.B, PaCCOXMHA...cssoessasssssssesseresstsesesssetsssnssettnsssentstastitssisussitisttoneeseeesseseeccc. 277 
ANALYSIS OF E-PLANE TEE OF f1-SHAPED AND RECTANGULAR WAVEGUIDES 

V.G. Kryzhanovsky, Yu.V. Rassokhina 


HaxotexHonornua u HaHOSsIEKTPOHMKa 
Nanotechnology & Nanoelectronics 


FINNASMOXUMUMYECKU PEAKTOP C 3AMKHYTbIM GPEN®OM SIEKTPOHOB 

ANA NPOUSBOACTBA SNEMEHTOB C CYBMUKPOHHbIMU PASMEPAMM 

B.M. KouHoaan, B.B. Yctanop, O.A. DOT O BOB ass ciara ccinsasccstertcistreceleaclceewstnatascie Gin ieset heat cne dv as 285 
PLASMOCHEMICAL REACTOR WITH CLOSED ELECTRON DRIFT | 

FOR THE PRODUCING OF ELEMENTS WITH SUBMICRON SIZES 

V.M. Konoval, V.V. Ustalov, O.A. Fedorovich 


Marepuaani 6-1 Menayuapoanoit Réamcroit ¢axponoanonot ARenhepenym ReaMuRe'G6. 16-19 cenm6pa 1996 r., Ceaacronoan, Kppim, Yepanua 
Proceedings of 6th International Gremean eMécrowave Gonkerence CririCa'96 . 16-19 September 1996, Sevastopol, Crimea, Ukraine XI 











nNASMOXUMUYECKAA TEXHONOFMA B MPOUSBOACTBE 

CBY-YCTPOUACTB C CYBMVKPOHHbIMM PA3MEPAMA SNEMEHTOB 

B.M. Konogan, B.B. YoTanos, O0.A. DEDOPOBHY.......cccsssssecsesenseneneereenensennntsesesanenesanreceutrarcasecerauananaenaensennenaneas 288 
PLASMOCHEMICAL TECHNOLOGY IN PRODUCING OF SHF-DEVICES 

WITH ELEMENTS OF SUBMICRON SIZES 

V.M. Konoval, V.V. Ustalov, O.A. Fedorovich 


BHMAHKME NMAPAMETPOB AKOAOB C DIBYXBAPbEPHOU KBAHTOBOM CTPYKTYPOKW 

HA PABOTY YMHOMUTENEM YACTOTbI HA UX OCHOBE 
C.VM. Canny, 9.27. Npoxopos, A.B. DAQUCHKO......cccscsssereeseesescnnsessnerensetennsrsursasneraraecoetansnnsateneonsnenausnenazanensonenses 291 
THE DOUBLE-BARRIER QUANTUM WELL PARAMETERS INFLUENCE 

TO WORK OF FREQUENCY MULTIPLIERS ON THEIR BASE 

S.1. Sanin, E.D. Prokhorov, A.V. Diadchenko 


KOMMNEKC NPOFPAMM MOJENUWPOBAHMA HAHOSSIEKTPOHHbIX NPHBOPOB HA 

OCHOBE SOMEKTOB OAHOSNEKTPOHHOTO UW PESOHAHCHOPLO TYHHENMPOBAHMA 

V.M. ASpamos, VA. Tonuapeno, E.P. HOBMK, UB. LUpeMe........sseccseseesecsneernenessetentsnnantecenecnensnsennaeesnenenacen 294 
A SIMULATOR FOR COULOMB BLOCKADE AND RESONANT TUNNELING DEVICES 

|. Abramov, 1.A. Goncharenko, E.G. Novik, |.V. Sheremet 


OQKCVUTOHb! B MONYNPOBODHUKOBbIX MH)KEKLIMOHHbIX NASEPAX 

HA OCHOBE KBAHTOBO-PA3MEPHbIX CTPYKTYP 

B.M. BaHuan, A.D. Matenko........sscsscsccsessuveressscenssessensesertessnensnsnanevenerenseecnsesssansnsssunanecasunesucvannsanacnaaenanaareatansetan 299 
EXITONS IN SEMICONDUCTOR INJECTION LASERS | 

ON QUANTUM WELL STRUCTURE BASIS 

V.M. Vantsan, A.G. Pashchenko 


CARRIER TRANSPORT PHENOMENA IN SCH QUANTUM WELL LASER DIODES 

FOR MICROWAVE FIBER OPTIC TELECOMMUNICATIONS SYSTEMS 

W. Freude, 1A. SUKNOIVANOV.......... cc eeceeesessseesecsnecenseanseasseneneesteccsessusenesananeenearsnesanneeasauosazersvasnvenscsenrannanuaneanenenanns 303 
QOOEKTbI NEPEHOCA HOCUTENEM B KBAHTOBOPA3MEPHbIX NASEPHbIX QUOAAX C 

PASHENbHbIM OTPAHUYEHMEM ANA ONTOBOROKOHHbIX CUCTEM C CBY-NOMHECYLIEM 

B. Opovgze, V.A. CyxonsaHoB 


@ITYKTYALIMOHHO-PEIAKCALIVOHHAR HEYCTOMYMBOCTb MU FEHEPALIMA 

GENOLo LUYMA B PESOHAHCHO-TYHHENbHOU CTPYKTYPE 

O.T. Faspunoe, V..V. KBATKEBUY, VA. O6YXOB......csccceceeeseccrsesssenecneeeasansestenterscousenrnesatrnencenensaznaceancnerasnanennensnene 308 
FLUCTUATION-RELAXATION INSTABILITY AND WHITE NOISE 

GENERATION IN RESONANT-TUNNELING STRUCTURE 

O.T. Gavrilov, I.1. Kvjatkevich, |.A. Obukhov 


TeBepgotenbuble W snekTpoBakyyMHble npn6oppbi uv ycrponctBa 
Solid State & Vacuum Devices 


MOAYNAUMA VW DEMOBYNALIMA CUTHANOB MUNIMMMETPOBOrO AVANASOHA 

JNWH BONH C UCNONb3OBAHMEM FEKCADEPPUTOBbIX PE3SOHATOPOB 

MFO. KOM VHUe Ba... ccecescenssssssetersrersenencnesscasseaensesenasesnacaneneseduneuscenenscensensnersnscaneateansoaasesens sisansnabsanedeeasarsnyatas 315 
MODULATION AND DEMODULATION OF MILLIMETRE WAVE SIGNALS - 

USING HEXAGONAL FERRITE RESONATORS 


M.Yu. Koledintseva 


®MOTONPOBOAMMOCTb APCEHKA-TANNMEBOrO NEPEKNIOUATESIA, 

YNPABNAEMOLO NA3SEPHbIM UMNYNbCOM 

H.W. BOM@UKMIA.......ccccsesesssssssessssoeneesssssessnsostssnerersesrsonstonesessensaessnnsacocotsaeseasneuansucessuanensnasaseedsunaesansuneuauataaenenscsanonensnatas 319 
PHOTOCONDUCTIVITY OF GaAs SWITCH CONTROLLED BY A LASER IMPULSE 

N.I. Beletsky 


BbIGOKOYACTOTHbIE ®U3MYECKME MPOLIECCB! 

B QMUOME TAHHA C TYHHESIbHbIM KATOAOM 

10.B. Apkyuia, 9.29. Mpoxopos, WIT. CTOPOKEHKO........scsesssesessnsseesseesseesssannseneneccananensesseatenenanennesnenenenannessenene tas 322 
THE PHYSICAL PROCESSES OF HIGH FREQUENCY 

IN GUNN DIODES WITH TUNNEL CATHODE 

Yu.V. Arkusha, E.D. Prokhorov, i.P. Storozhenko 


| Matepnaan 6-4 Mesxaynapoqnolt Agemcnon “Haxponoanoroit Rouhepenyun RearMaRa'G6. 16-19 ceurabpa 1996 r., Cesactonoan, Kppm, Yepanna 
XI Proceedings of 6th International eanean rPAccrowave Conference Crivttio' G6. 16-19 September 1996, Sevastopal, Crimea, Ukraine 





I es 


KATOAHBIE KOHTAKTbI ANIA KOPOTKUX QYOAOB FAHHA 


DIFFERENT CATHODE CONTACTS FOR THE SHORT GUNN DIODES 
Yu.V. Arkusha 


MOAYNALUMA CBY-A3NYGEHNA QMODAMU HA OCHOBE GaAs:Cr 

0.B. Bouyna, J1.M. Kanmopikopa, B.B. Megpenen, 9.70. MpoxOpoB........ccccsssssscssscssssssscsescesecerserececsscecsenessucececees 328 
THE MODULATION OF HF RADIATION BY GaAs:Cr DIODES 

O.V. Botsula, L.1. Kalmikova, V.V. Medvedev, E.D. Prokhorov 


MOQENUPOBAHME CTOXACTUYECKUX KONEBAHMA TOKA B QUOJIAX HA GaAs:Cr 

O.B. Bouyna, 9.71. PUD OKO DOG ssossccisassassssccosncenessessssascssiesicuvenseasonastedstynanisupasos etenthsuapcaSduadssusucdeesisvsasbivsemiviseoieeec BOA 
THE SIMULATION OF STOCHASTIC OSCILLATIONS IN GaAs:Cr DIODES 

O.V. Botsula, E.D. Prokhorov 


TAPMOHMYECKMA CMECHTENb C BbICOKOM NPOME)MKYTOYHOM YACTOTON 

K.C. CyHayykos, B.J1. Jlomaka, B.B. Panuibtn, M.K. CYHDYYKOB.........ccccccceccscescsesccsssecssssessscscccesececeseseseserecceceee 334 
HARMONIC MIXER WITH HIGH INTERMEDIATE FREQUENCY 

K. Sunduchkov, V. Lomaka, V. Galitzin, M. Sunduchkov 


MOAENb MOHTE KAPNO SIA MCCNEQOBAHMA LUYMOBbIX VU 

YCUNMTENbHbIX XAPAKTEPUCTHMK NONEBbIX CBY-TPAH3MCTOPOB 

CP GY OB; PrP AA ica Sac esses casans iets ees cba nates cso uauess tot esa vocab gcse pa ebnseenSeodi aes nee 337 
THE MONTE CARLO MODEL FOR INVESTIGATION OF THE NOISE AND 

AMPLIFYING PROPERTIES OF FIELD MICROWAVES TRANSISTOR 

S.A. Zuev, A.A. Shadrin 


APCEHMA-TANNUEBBIE QUO bl MANNUMETPOBOrO AVANA3OHA ASIVH BOSH 

LOU. Yeyennn, A.B. WaGatos, O.C. OpmoB..........ccsssssssesesssssssscssseesssesssorsceressrsssscossrersscssavneccecsssscssesensavaveceesecerses 340 
MM-WAVE GaAs DIODES 

Yu.}. Chechenin, A.B. Shabanov, O.S. Orlov 


METOQUKA MOZENMPOBAHMA YCUNUTENEN CO BSAMMORENACTBUEM HA FAPMOHVKAX 

B.P. KpppkaHoscKni, V.H. LUeBYEHKO, A.9. POMCHCKUI....c.cccscccsssscssscssoscececcesseccersorsecsassecsoceseseeeeceeceecceceececceecec 346 
METHOD OF MODELLING OF AMPLIFIERS WITH HARMONICAL INTERACTION 

V.G. Kryzhanovsky, I.N. Shevchenko, A.E. Romensky 


AHANM3 MHOTOCHTHANBHOIO PE XKUMA PABOTDbI JIBB 

RS PR INO RAAB es sss sonc sed ons kw ciigct x sag th sbuautcaaaaan cate Roauancievs taccesceek de teacedeesaad neeed aaibeeveled cal otcw sic ou lvatdubagysoiicn Sectenl 352 
TRAVELLING-WAVE TUBE MULTISIGNAL OPERATION ANALYSIS 

V.A. Konkin 


BHWAHKUE TORLWIMHbI SNEKTPOHHOLO NOTOKA HA XAPAKTEPHCTMKM PESOHAHCHOrO 
TEHEPATOPA O-TUNA C NPO@UNUPOBAHHbIM MATHUTOCTATHYECKMM MOnEM 

EH. OfapeHko, A.A. LUMATENO...........sccescesscsssscsserecorcssnsarassrasssecersscaceserseseesconessezrecssressuccsersarseensereacavessereseesesesoseces 355 
EFFECT OF THE BEAM THICKNESS ON CHARACTERISTICS OF RESONANT 

O-TYPE OSCILLATOR WITH PROFILED DC MAGNETIC FIELD 

E. Odarenko, A. Shmat'ko 


YCNOBMA TEHEPALIMM SNEKTPOMALFHUTHbIX KONEBAHUA ~. 
B CNUPANbHOM PACHPEQENEHHOM PESOHATOPE 

A.M. Actaiiknn, A.®. Tunatos, B.B. Mpodde.u.....ccccsssesssesssssecsssserssssscssecsssevesssasesssasessessassessscsesscessececeseeseeseeceese 357 
GENERATION CONDITIONS OF RF WAVES IN HELIX DISTRIBUTED RESONATOR 

A.|. Astaykin, A.F. Lipatov, V.B. Profe 


Teopva asnektTpoMarHuTHoro Nona Mv pacnpoctpaHeHie pagvoBonH 
Field Theory & Microwave Propagation 


PACYET SHEPFETUYECKMX XAPAKTEPUCTMK U3NYYATENEU, PACMONOMKEHHbIX now 
MHOrOCNOMHbIMU AVSNEKTPHYECKMMU YKPbITMVAMY PASMNYHON KOHOVTYPALIVHK 

B.B. Bonpos, U.B. Cypxosa, B.U. CYpKoB........csssccssssssssssssnesasersseasersceessesecscecssensstsacsaeveuserssasesseesecseseasorserecesesese 365 
THE CALCULATION OF ENERGY CHARACTERISTICS OF RADIATORS 

UNDER MULTILAYERED DIELECTRIC RANDOMS WITH VARIOUS GEOMETRY 

V.V. Bodrov, I.V. Sourkova, V.1. Sourkov 


Marepnaant 6-1 Mexaynapoanoi Agamcnot Maxponoanosol Renhepenynu ReaMaRe'G6. 16-19 cewrabpa 1996 r., Cesactonoan, Kppim, Yxpanna XIII 
Proceedings of 6th International Gecamean “Mécrowave Gonference GrerMtela'G6. 16-19 September 1996, Sevastopol, Crimea, Ukraine 











MATEMATUYECKAA MOENb YCTPOUKCTBA DJIA NPEOBPASOBAHUA 

CBYU-9SHEPTHU B TEMNO OIA HAPPEBA JMONEKTPUYECKOU NNACTUHb! 

O.B. Yepropa, B.B. Bog poB.........c cc csssessssssssenesresensenenneasersceeasneansasnsasenesaauccansonessesenseearsseeaneantensanenseanusnagserseataareraes 370 
A MATHEMATICAL MODEL OF THE SYSTEM FOR TRANSFORMATION 

OF THE MICROWAVE FIELD IN THE HEAT TO WARM DIELECTRIC PLATE 

O.V. Chernova, V.V. Bodrov 


AUMPAKLIVA KOPOTKMX SHEKTPOMATHMTHBIX VMNYSIbCOB HA LUE 

A.M. Hepep, 10.M. HoKNH, C.M. LIBETKOBCKAS......ccssesssesesenesoensesenenteseteneeesenensnsnesstscenesasetaneseusenseaaansnsasonannususes 375 
NARROW ELECTROMAGNETIC PULSE DIFFRACTION BY SLOT 

A.M. Lerer, Yu.M. Noykin, S.M. Tsvetkovskaya 


VUCCNEXDOBAHME ClO MKHbIX BONHOBEAYLUIMX CTPYKTYP 

METOOM NONYOBPALLIEHKHA 

Vi.B. Jloneu, A.M. Nepep, C.M. PLEO FICO CHAR Gi cssscises casas ce aveticancencenuvtaaecs ava venssnsnnsni cae tonea stent ete setme eee alae COU 
RESEARCH OF MICROWAVE COMPLEX WAVEGUIDE STRUCTURES 

BY A METHOD OF THE SEMI-INVERSION 

!V. Donets, A.M. Lerer, S.M. Tsvetkovskaya 


MHOrOCNOWHbIE NOPTNOWAMOWIWE CTPYKTYPb! 

0.C. OctpoacKnn, A.C. Copoka, A.A. LUMaTbKO.......ccsecsrssereserseeecsnenrssestsneseosssenaetecsuurorseercessensensensennaenasaneaneners 384 
MULTILAYER ABSORB STRUCTURES 

O. Ostrovsky, A. Soroka, A. Shmat’ko 


ONEPATOPHbIA METOX B 3ADAYUE AMOPAKUMM 

ONEKTPOMAFHUTHbIX BOMNH HA NONYGECKOHEUHOKM CUCTEME AVA®PATM 

B NPAMOYTOJIbHOM BONHOBOZE 

G.A. TOAD CKD........csccsencsccssseneesessssessescentassesseneanseneacesenscestenenssusssseuansaoeeaeasaqousecsnnencuscenaeuscessussesgnnuaezaceneansenansoetsets 387 
OPERATOR METHOD !IN PROBLEM OF EM WAVES DIFFRACTION ON SEMI-INFINITE 

DIAPHRAGMS SYSTEM IN RECTANGULAR WAVEGUIDE 

S.A. Pogarsky 


BOSBYXHDEHVE MHOrTOMOJOBbIX PESOHATOPOB 

CAHTUMETPOBOTO AUANASOHA BONH 

C.A. Morapcxuiy, A.A. 3aarunues, V.V. Canppikn, E.A. Wiaynos, 6.2]. TpyQpaHo ...........ssscssssesseenseesenens 390 
MULTIMODE MICROWAVE RESONATORS EXCITING 

S.A. Pogarsky, A.A. Zvjagintsev, I.!. Saprykin, E.A. Shaulov, B.D. Trufanov 


B3AUMOJEUACTBUE BONHOBOZHbIX U3SNYYATENEM B PEWETKE, 

PACTIONOMKEHHOUW HA FPAHU BECKOHEYHOTO KNMHA 
EM. TIPUBAMOB.........ccccescessnecstssereneenesssesessetenevessscrsscsseuseuenseuesaenaeensensecoseonreneenaneeneneeucassenuareeavaseunauseaeneasauanrassanenneusones 393 
INTERACTION OF WAVEGUIDE RADIATORS IN THE GRATING 

DISPOSED ON THE SIDE OF INFINITE WEDGE 

E.M. Privalov 


ViCCNEDOBAHWA NOSIEM BENU3U KAYCTUKU 

WATT COS IIOB sicaccsidocicceccavectncinckced class acca eels cave sees aleacl aus da dwabdaceasniceweceacauaaduasixbaseebun anedsucensskes swauaoaudesdcvasesadensaadesexaecheus 395 
NEAR CAUSTIC FIELDS INVESTIGATIONS 

LP. Kozlov ae 


BO3MYLUEHMA B CPEQHELUMPOTHOK D-OBNACTM MOHOCOEPDbI 

BO BPEMA MAPHUTHbIxX BYPb U CONHEYHbIX BCNBILUEK 

A.M. FoKoB, O.@. ThIDHOB.........cccsscsscsssssssnessneensessoetsnceecersuessnursccrenesesseceeuseaaessauneccenenesssnsecneaoeunersonenssetnansenenesacanses 398 
DISTURBANCES IN MIDMULTITUDINAL IONOSPHERIC D-REGION 

DURING MAGNETIC STORMS AND SOLAR FLARES 

A.M. Gokov, O.F. Tyrnov 


@ONYKTYALIMM TEMNEPATYPbI AHTEHHbI, OBYCNOBNEHHBIE 

BCNNECKAMM JELUUMETPOBOTO CNOPAQMUYECKOrO PAQUOMSNYYEHMA 

CPEQHEWIMPOTHOU VOHOCOEPDbI 

U.U. Kanani, B.T. Po3yMeHKO, 0.9. ThipHoB.........ccsscssssensecssscesensesenresseanessasensensecossutesssonuaeeuersnseasnesensnoesnacuneenes 401 
ANTENNA TEMPERATURE FLUCTUATIONS DUE TO SPORADIC BURSTS 

OF DECIMETER RADIO EMISSION FROM THE MIDLATITUDE IONOSPHERE 

1.1. Kapanin, V.T. Rozumenko, O.F. Tyrnov 


"4 Matepuaant 6-it Mesxaynapoanolt Rpemcxot Maxposoanonolt Aengepenynn AgarHaKe'G6. 16-19 cewra6pa 1996 c., Cenacronoab, Kppim, Yxpauua 
IV Proceedings of 6th International @ramean rMécrowave Ganference CrerH2a'G6 . 16-19 September 1996, Sevastopol, Crimea, Ukraine 














AUCNEPCVOHHBIE ACKAKKEHMA CBEPXLUMPOKOMONOCHbIX PADMOCHTHANOB 
B HEOAHOPOAHbIX NIIASMEHHbIX CPEDAX 


IN HETEROGENEOUS PLASMA MEDIUM 
O.V. Lazorenko, L.F. Chernogor 


CBEPXLWMPOKONONOCHbIE CHTHANbI ECTECTBEHHOIO U ACKYCCTBEHHOroO 
APOUCXOMKAEHYA B OKONO3EMHOM KOCMMYECKOM MPOCTPAHCTBE 


O.V. Lazorenko, L.F. Chernogor 


CBU-nusmepenun 
Microwave Measurements 


O6 YYUACTUK YKPAMHb! B PABOTE MEXKAYHAPOQHOM OPr AHVU3ALIUM 
KOOMET B OB/JIACTU SNEKTPOHHbIX N3MEPEHMK 
ROD SUA INGEN ics sec ae cost ctsutes cecal eeasceaisoa eidda ct caus cacescaeyiosect a daa olesezaueltota eases dace ona ntiasnceuste ce 411 


ORGANIZATION COOMET IN THE FIELD OF ELECTRONIC MEASUREMENTS 
Yu.F. Pavilenko 


MOFPEWHOCTU A3MEPEHUEK VW KOHTPOSIA MAPAMETPOB 
MATHUATOAMUSNEKTPUKOB HA CBY 


AND TESTING ERRORS ON SHF 
V.V. Chizhov 


DAZSOKUZ3MEPUTENbBHAA CUCTEMA CBU-QMANA3SOHA 

ROTTS IAAT EN oS ce ses aacs aac Sarsaesa aaa geass nas ous eat aagacaiicoudvcanetaetuateleseotocesi see eiseesin bagless isgavieusaseveneafelassdaasieuenaued 417 
MICROWAVE PHASE MEASURING SYSTEM 

Yu.P. Mikhailyuk 


YHUBEPCASIBHbIE 3OHAOBbIE YCTPOMCTBA LUIMPOKOFO NPMMEHEHHA 

ANA U3BMEPEHUA CTATHVYECKMX UV AMHAMMAYECKUX NMAPAMETPOB 
KPUCTANNOB MOHONMUTHbIX CBEPXBbICTPOQEMCTBYIOLUMX 

LIUDPOBbIX MUKPOCXEM, AHANOrOBbIX MOHONUTHbIX MAKPOCXEM 

VU TPAH3SUCTOPOB CAHTAMETPOBOrO AVANA3OHA YACTOT HA OCHOBE GaAs 


OF MONOLITHIC CIRCUITS PARAMETERS AND GaAs TRANSISTORS 
WITH FREQUENCY BAND UP TO 20 GHz 
V.E. lonov, I.M. Abolduyev, A.M. Zubkov, V.E. Dedinets 


Mpon3BogcrTBo MW MCnbITaHHA 
Producing & Testing 


MOAEPHU3SAUMNA NPOMbILUNEHHbIX YCTAHOBOK NMNA3MOXUMUYECKON OBPABOTKV 
PEAKTOPAMM HOBbIX TANOB C YNPABNAEMbIMU MACHUTHbIMKM NONAMM 

B.I. Katioxa, F.C. Kupnuenxo, B.M. Konosan, B.B. Yctanos, O.A. DEMOPOBWY.....cccccsesesnssescssnsscsssscrecerececnces 427 
MODERNISATION OF INDUSTRY PLANTS OF PLASMOCHEMICAL TREATMENT 

BY THE NOVE!. TYPE REACTORS WITH CONTROLLED MAGNETIC FIELDS 

V.P. Katukha, G.S. Kirichenko, V.M. Konoval, V.V. Ustalov, O.A. Fedorovich 


SKCHEPMMEHTANbHOE MCCNEAOBAHME NPOHVKHOBEHMA MUKPOBONHOBOTO 
USNYYEHUA B SKPAHUPOBAHHY!O P9A YEPE3 OTKPbITbIE PAS bEMb! 


IN EXPLOSIVE COMPRESSION EXPERIMENTS 
I.N. Grishnyayev, A.N. Kozlov, V.A. Turgenev 


Marepuaani 6-1 Mexaynapoguot Agamcrot Aaxposornonoii Aougepenyun RewMeRe'G6. 16-19 cewri6pa 1996 r., Ceaacronoab, Kppia, Yepanna 
Proceedings of 6th International Geamean *Aecrowave Conference CrrttiCe'96. 16-19 September 1996, Sevastopol, Crimea, Ukraine XV 





BHWUAHKME SNEKTPOMALHUTHbIX NONE HA CTOMKOCTb MHTEFPANbHbIX MAKPOCXEM 

B.B. Crapoctenko, E.B. Mpvropbes, E.11. Tapatt.........sccsscsessssssssssessnneereesessssnssersessesrssuserensnersssensnesensenssasesarags 433 
THE INFLUENCE OF ELECTROMAGNETIC FIELDS ON RESISTANCE OF INTEGRATED CIRCUITS 

V.V. Starostenko, Ye.V. Grygoriev, Ye.P. Taran 


QUHAMMKA DETPADALIMOHHbIX NPOLIECCOB B MHTETPAMNBHbIX MAKPOCXEMAX 

E.N. Tapan, B.B. Crapoctexko, E.B. Ppvroppes, A.A. BOPWCOB...... se eeeersssessectsenseseteenseseneenenesnaseesnsetseanes 437 
THE DYNAMICS OF DEGRADATION EFFECTS IN INTEGRATED CIRCUITS 

Ye.P. Taran, V.V. Starostenko, Ye.V. Grygoriev, A.A. Borisov 


ViCChEDOBAHKME BO3AENCTBUA SNEKTPOMATHYTHDIX USAIYYEHMA 

YNbTPAKOPOTKON DSIMTENbHOCTH HA PSA CBY-QMANA3OHA | 

H.. Faneuxnk, K.A. Kpasyoe, U.W. Marga, 10.1. Mpoxonerko, 

r.B. Cxavex, B.U. Uymaxoe, B.E. HOBMKOB, 1O.B. THAUY.......ccscccserecnsecesrerarnssnneconseeteneceesareennsnnersssaaceeosenearensesseanss 441 
STUDIES ON INTERFERENCE OF ELECTROMAGNETIC RADIATION 

OF ULTRASHORT DURATION PULSE ON UHF ELECTRONIC DEVICES 

V.1. Chumakov, N.P. Gadetsky, K.A. Kravtsov, |.1. Magda, Yu.V. Prokopenko, 

G.V. Skachek, V.E. Novikov, Yu.V. Tkach 


CTPYKTYPA KOMIMMEKCA 3ADAY YIPABNEHUA SNEKTPOHHO-NUTOFPA®HYECKMM 

NPOWECCOM YU COBPEMEHHbIE KOHLUENLMU UX PELWEHMA 

A.A. MepxBunckil, B.V. OCUHCKHM, O.1. KOPKUHCKUD......ccscccsseneresssneansecsncnnescestsosnssensusentsenernanansusensenvaseasense 447 
SOLVING OF PROBLEMS OF TASKS OF ELECTRON-LITOGRAPHIC PROCESS CONTROL. 

MODERN CONCEPTS 

A. Meravinsky, V. Osinsky, F. Corjinsky 


MATEPMANbI A TEXHONOrMA PEAMMSALINM AKYCTOONTUYECKUX YCTPOMCTB 

BB. DIAHWUTIOB.......ccccccsscsssssecsaceserscerssssssncecannsonassnatnaseneeesoreneceescesanescaneneccersessaesseneuansensensveceussssnooussusunanesenanecaenensenaseens 452 
MATERIALS AND TECHNOLOGY FOR ACOUSTOOPTICAL DEVICES MANUFACTURE 

V.V. Danilov 


Npumernerne CBY-TexHuKM B MeAMUMHe K NPOMbILINeHHOCTH 
Medical & Industrial Applications 


SKCNEPUMEHTANbHOE ACCNHEBROBAHME BNAMHOCTH 3EPHA 

MUKPOBONHOBbIM METOJOM 

V.B. Bparnn, B.1. Cru6Hes, C.U. Boarnn, B.C. PaGvHoBu , VA. IKEMTUKOB.........ceeeeceseenssssoveenerssnenerenensees 459 
EXPERIMENTAL RESEARCH OF GRAIN MOISTURE CONTENT 

USING MICROWAVE METHOD 

.V. Bragin, V.P. Sgibnev, S.1. Bragin, V.S. Rabinovich, 1.A. Zheltikov 


BHMAHME CBY-A3NYYEHMM HA KUSHECNOCOGHOCTb 

NOPOY Uv FABPHAOB TYTOBOTO WENKONPATA 

B.F. Wax6a30n, JI.M. Yenenb, H.H. Popo6eu, B.U. Kniixo, 10.1. WikopGatos, B.A. [paQuna...........ecercseees 461 
INFLUENCE OF MICROWAVE IRRADIATION ON VIABILITY 

OF STOCKS AND HYBRIDS OF SILKWORM 

V.G. Shakhbazov, L.M. Chepel, N.N. Gorobets, V.I. Kiyko, Yu.G. Shkorbatov, V.A. Grabina _ 


BIIMAHME MAKPOBONH PA3SMNMYHOU NONAPM3ALIMU 

HA BUONOrUYECKME KAYECTBA CEMAH 

B.I. Wax6a3o0n, J1.M. Yenenb, H.H. Topo6ey, B.U. Knitko, 

n.M. CHonni, J1.®. Kyun, B.A. PpaGnna, 1O.T. LUKOpGaTOB..........ccsecssssensseeserenssrerssscessensescensssenssaesenecetusenrenes 463 
INFLUENCE OF THE MICROWAVES OF DIFFERENT POLARIZATION 

ON BIOLOGICAL QUALITY OF SEEDS 

V.G. Shakhbazov, L.M. Chepel, N.N. Gorobets, V.I. Kiyko, 

L.M. Snopik, L.F. Kuchin, V.A. Grabina, Yu.G. Shkorbatov 


BIIMAHME KBY-U3NYYEHMA HA SHEPTETUYECKOE 

COCTOAHME AEP KNETOK YENOBEKA 

IO... LikopSaros, B.I. LWax6a30B, H.H. [puroppena, B.A. PpaGuna, A.M. BoroCnaBCKUi.......ceeseesereseneesees 466 
INFLUENCE OF MICROWAVE !RRADIATION 

ON THE ENERGETICAL STATE OF HUMAN CELL NUCLEI 

Yu.G. Shkorbatov, V.G. Shakhbazov, N.N. Grigoryeva, V.A. Grabina, A.M. Bogoslavsky 


4 Marepuaavt 6-i% Memaynapoanolt Keemcxoit Maxponoanonon Aonpepenyun AgerMuRo'G6. 16-19 cewra6pa 1996 r., Cenacronoar, Kooim, Yxpanna 
V I Proceedings of 6th International Gramean PMecrowave Conference CréHile'96. 16-19 September 1996, Sevastopol, Crimea, Ukraine 





OO eee eT 


MUKPOBONHOBOK PAQUOMETPHYECKMK METOY M3MEPEHMA TEMNEPATYPbI PAC- 
NAABNEHHOrO METASINA. PE3YNIbTATbI SKCNEPAMEHTANbHbIX Roope ann 

Ki.B. Bparnn, B.1. Cru6ves, C.V. Bparun, WA. Kentuxos, 

10.5. Bparnia, B.O. Muxaiinos, A.T. AN@KCOOB.....cccssscsscescssessccsscsecsecsassescssssessussussssstesssssesorsessoscescesseceeceesesseseesc, 469 


OF A MELTED METAL TEMPERATURE. 
RESULTS OF EXPERIMENTAL RESEARCHES 
IV. Bragin, V.P. Sgibnev, S.I. Bragin, 1A. Zheltikov, Yu.B. Bragina, V.F. Mikhailov, A.T. Alekseev 


TOUHbIA PAQVOSIOKALIMOHHbIN ASMEPUTENb MANbIX AANbHOCTEH, 

VCNHONb3YIOLUMA HAHOCEKYHAHbIE MMMYSIbCbI 

V.B. Bparun, A.A. Mopo3os, C.V. Bparun, BIT. CruGHes, B.D. MUXaMMOB seccsscccssccccecoscoccecceccecescesescescccececccen. 472 
PRECISE RADIOLOCATIONAL METER OF SMALL DISTANCES 

WITH NANOSECOND PULSES USING 

|.V. Bragin, A.A. Morozov, S.1. Bragin, V.P. Sgibnev, V.F. Mikhailov 


NAOCKKME CACTEMbI NOBEPXHOCTHbIX BONH ANA HAPPEBA AUSNEKTPUKOB 
BET PAY MyPSP LUN arn a sss Scenes ssc tld sucbeneandrenyDetaasiescaabesseaaes wee de hes MEea aie an eonatesedehoned 476 


K.P. Yatsuk, R.R. Shvelidze 


UCNONb3SOBAHME METONA COOKYCUPOBAHHOK ANEPTYPbiI 

ANA CBY TEXHONOFUYECKMX YCTAHOBOK 

l.A. Mopo3os, O.B. Notariosa, 10.E. CefenbHUKOB......scccscsscesssssecssesessessssssssssssesstasssssessesssssecesseccecesceccosesessesece, 478 
USE OF THE FOCUSED METHOD OF APERTURE 
FOR MICROWAVES-TECHNOLGICAL INSTALLATIONS 

G.A. Morozov, O.V. Potapova, Yu.E. Sedeinikov 


CUHTE3 MHOrFOSOHAOBbIX PAQHOBONHOBbIX AATYUKOB ANA USMEPEHUI 

HESNEKTPUYECKMX BENMWUUH C MNOBbILWEHHONM YYBCTBUTENBHOCTbIO 

A.C, CopnyKko............. jnuneneensnowcccosrsescsensnanonsccerssesaceancesesnorsnsssnnanonessesesaannenseonsoeccacecsnnnsoneaasapeccaseaatosesesouavenenseerenerererseeee 483 
MULTIPROBE MICROWAVE SENSORS DESIGN FOR MEASUREMENTS 

OF NONELECTRICAL QUANTITIES WITH IMPROVED SENSIVITY 

A.S. Sovlukev 


OnTHYECKNNM BbICTPOJENCTBYIOLUA DATUNK ANA ONEPATUMBHOrTO 
KOHRTPONA BhIBPOCOB NbINU NPOMbILUMEHHbIMM NPEANPUATUAMM 
B.B. Premite WUD FUG WES MOBS os 05 sce ace ces re es cae cuts es eae fnceg autdade deadaceiciacds saad tua lncleetaaeRae’ Gariaceuiel cus 485 


OF DUST DISCHARGED BY INDUSTRIAL ENTERPRISES 
V.V. Evdokimov, |.F. Demjankov 


YcTpoucTBa KM CHCTeMbI aHanoroBon u YNncbpoBou o6paboTKn CBY-curHanos 
Devices and Systems of Analog & Digital Processing of Microwave Signals 


OBOPYAOBAHKE VU METOAbI ANA PAQUOMETPUYECKOIO M3MEPEHMA 

LUYMOBOTO U3SNYYEHMA NOBEPXHOCTH 3EMMU U ATMOC@EPBI 

U.B. Bparnny, A.A. Mopo3os, C.V. Bparun, B.I1. Cru6nes, K.A. No6egouocues, B.®. Muxaninoe............00..491 
EQUIPMENT AND METHODS FOR RADIOMETRIC MEASUREM ENT 

OF SURFACE AND ATMOSPHERE NOISE RADIATION 

I.V. Bragin, A.A. Morozov, S.1. Bragin, V.P. Sgibnev, K.A. Pobedonostsev, V.F. Mikhailov 


NPUEM KU OBPABOTKA AAHHbIX AMCTAHLIMOHHOFO 30HAMPOBAHMA 3EMNU, 
AOCTYNAIOLUMX CO CNYTHUKA “CIY-1” TO KAHANY 466,5 Mry 
B.B. BanaGanos, B.D. KynnuleHko, A.B. MankOB....cccescsescescssssscsssssesssucssesssssesssessusssesesssussesssecesecscssececeeseeseccccccccs 494 


COMING FROM THE “SICH-1" SATELLITE ON THE CHANNEL OF 466,5 MHz 
V.V. Balabanov, V.F. Kulishenko, A.B. Malkov 


spelt cpa lees 4YM-CUrTHANOB 


Yu.L. Loparev, IK. Sattarov, M.F. Tyukhtin 


Marepuaant 6-41 Mexaynapoanot Agemcxolt efaxporoanonoit Aauhepenunn ReaHuaRe'G6. 16-19 cenrabpn 1996 c., Cesacronoan, Konm, Yrpanna 
Proceedings of 6th International Zeanean “Mécrowave Conference Crivt2'96. 16-19 September 1996, Sevastopol, Crimea, Ukraine XVII 














NOMEXOYCTOWYMBOCTb KM SOMEKTUBHOCTb KACKADHOM CUCTEMb! CBA3H 

B.H. BpoxHnkos, VA. DleHUueHKo, B.V. DW TBUHCHKO........cssceseeenenecensrarnenensasccusersaransecccuseensorecsseansvonseneneasnens A9& 
DIGITAL METHODS OF TRACKING AND FOCUSING IN REPRODUCTION LASER SYSTEMS 

V.N. Bronnikov, I.Ya. Denishchenko, V.1. Litvinenko 


AHANKM3 NYTEK ONTUMM3ALINUH NEMOAYNATOPOB 

CHFHASOB CHYTHKAKOBOrO TENEBMUAEHVA 

STM FIO GOB as BIg VASE MIB esissecisscececev onc sccedcaudecsascaecstacnscwavecscopsaseuesasacsgubictouapnveaseinedsacstescnsuachausseacecdonngcouceavaneesats 502 
WAYS OF OPTIMIZATION OF DEMODULATORS OF SATELLITE TV SIGNALS 

L.M. Lobkova, V.M. Iskiv 


THEORETICAL GAME SYNTHESIS OF SYSTEMS 

WITH ADAPTIVE PARALLEL PROCESSING OF IMAGE SIGNALS 

V.K. Marigodoy, 1.L. AfOmII.........c:ccsscrersnsssenssssonersectonssancensencecsesosossnsacsnanresenenvesesasessessenserseseensenesssssaanesanennananrssenseaess 507 
TEOPETUKO-UfPOBOUW CUHTES CUCTEM C ADANTUBHOU 

NAPANNESbHOU OBPABOTKOU CUTHANOB VSOBPAKEHNA 

B.K. Mapurogos, U.J1. AcboHuH 


MukpoBonHoBble MHTerpHpoBaHHble TenepagvonuHopMalMOHHble CUCTeMbI 
Microwave TV, Radio and Information Integrated Systems 


NPAMEHEHME CUCTEMbI MMDS ANA PACNPOCTPAHEHUMA TENEBUSMUOHHbIX CHTHANOB 

A.1O. ATPalliK@ By ..........sccsssccsssesscnsrsnsencassseseconerasecenereusssesssasousvosssousssscvacensnesussverenonseeasessenassaeesacanansnessesauensasanaaacensees 517 
APPLICATION OF MMDS SYSTEM FOR TV-SIGNALS PROPAGATION 

A.Yu. Atrashkevich 


MHOPOKAHASIbHAA CUCTEMA PA3AAUU CNYTHAKOBBIX, SOUPHbIX CTY DMNH DIX 
TENEBUA3SKOHHbIX NPOFPAMM HA CBY 

T.H. HapperrHnk, B.A. Paste ......cccccccssssccesccsnccccensoonssssenccenscesenononosuencacrussesensessoroseesansooneseusanesasousneassanesanesusnsressasee 522 
CENTRE OF RECEIVING AND DISTRIBUTION OF SATELLITE, BROADCASTING 

AND STUDIO PROGRAMS AT FREQUENCY BAND OF 11,7-15,5 GHz 

T.N. Narytnik, V.N. Galich 


3SADAUU UVHTEFPALMM BELUAHUA VU CBAH3U C UCNONb3SOBAHMEM MUKPOBONHOBbIX 
VHTEFPUPOBAHHbIX TENEPAQUOVH®OPMALIVOHHbIX CACTEM 

T.H. HapeibHnk, BST. By lr ay... ssssccscesesscssesssscasesscessesnsersscessesseasensnaneagnnanettoaseosessenenccesenennenserasenansusasesscenserans 529 
TASK OF COMMUNICATION AND BROADCASTING INTEGRATION USING 

MICROWAVE INTEGRATED TV, RADIO AND INFORMATION SYSTEMS 

T.N. Narytnik, V.L. Bulgach 


OCOBEHHOCTH KM NEPCNEKTMBb! MUKPOBONHOBOK VHTEFPAPOBAHHOU 
TENEPALQUOMH®OPMALIMOHHOK CUCTEMb! 

CO CBOBOXHbIM PACNPOCTPAHEHMEM PAQUOBONH 

T.H. HappitHun, BJT. Byriray, B.H. Tari... cccesscssccsssesssesssesssescensscsatenscesconeneranseceeenteenceusnsensrerensussaesaniassanesantes 533 
FEATURES AND OUTLOOKS OF MICROWAVE INTEGRATED TV, RADIO 

AND INFORMATION SYSTEM WITH WAVES PROPAGATION IN FREE SPACE 

T.N. Narytnik, V.L. Bulgach, V.N. Galich 


V I Marepuaani 6-1 Mexaynapoanolt Reemcxoi Maxponoanonoh Kenpepenunn AeueMaRKo'G6. 16-19 cenrGpa 1996 v., Cesacronoav, Kppim, Yepanna 
xX Il Proceedings of 6th International Qeamean “Mécrowave Qanference GrerMif2e'96. 16-19 September 1996, Sevastopol, Crimea, Ukraine 








AncbaBuTHbikk CNUCOK aBTOpoB 
(ykKa3aHa nepsaa cbamunua) 





cTp cTp cTp 
A6onzyes U.M. 136 3yes C.A. 337 PomanHos C.V. 215 
A6pamos VM. 45 Usauyk B.E. 167 CauHun C.M. 291 
A6pamos VU. 294 Usatuyk B.E. 218 Cosnykos A.C. 483 
Anucos A.®. 206 UrnatKn B.C. 174 CrapocteHko B.B. 433 
Apkywa |0.B. 322 VinbueHko M.E. 155 CyHayukos K.C. 25 
Apkywa 1t0.B. 325 Unbuenko M.E. 161 CyHayuKos K.C. 334 
Actavikui A.W. 240 Vionos B.E. 419 CyHayukos M.K. 151 
Actaiikun A.V. 357 Kananuu VV. 401 Tapau E.M. 437 
Atpawkesuy A.1O. 517 Katioxa BN. 427 Denotos E.A. 96 
AcbouuH V1. 177 Kemna 7M. 169 ®MenoTos E.A. 100 
Bana6anos B.B. 494 Kutaes N.A. 15 ®Ppovze B. 303 
Banaknpes B.A. 34 KuMncknn A.A. 10. YepHosa O.B. 370 
banakupes B.A. 198 Kuuumuckun A.A. 117 YeueHun |0.M. 340 
banaxupes B.A. 209 KVLUMHCKI A.A. 120 Umxos B.B. 414 
Banaknpes B.A. 236 Ko3nos VM.11. 395 LWax6a3oB BLT. 461 
beneykui H.M. 319 KoneguHyesa M.1O. 315 LHax6a3oB B.T. 463 
Bensnes A.E. 71 KOHKUH B.A. 352 LUmunyHosa H.B. 107 
Bovpos B.B. 365 KoHosBan B.M. 285 Likop6atoB lO... 466 
bocbii B.V. 3 KoHosan B.M. 288 Auyk K.f1. 476 
Bouyna O.B. 328 Koyvetxos B.H. 140 Auyk JA. 232 
Bouyna O.B. 331 Kpytos A.B. 126 
Bparut UB. 459 Kpyros A.B. 130 
Bparun V.B. 469 KpbpkaHoscKkuii B.T. 277 
Bparun VB. 472 KpbpkaHoscKui B.T. 346 
Bparun U.B. 491 Jla3zopenko O.B. 404 
BpouHnkos B.H. 498 Jlazopenko O.B. 407 
Byu B.A. 202 flepep A.M. 375 
Banuay B.M. 299 Jucuukun A.J. 192 
Bacanosuy A.B. 158 Jlo6kosa JI.M. 259 
Bonogun B.V. 93 Jlo6kosa JI.M. 263 
[appunos O.T. 308 Hlo6kxosa J1.M. 267 
Paneuxnun H.N. 441 Jlo6kosa J.M. 502 
Fapmaw B.®. 112 Jlonapes 10.51. 496 
Foxos A.M. 398 Mapuroyos B.K. 507 
Top6ayes K.B. 185 MepxsuncKnun A.A. 447 
Top6aues K.B. 188 Muxaniiox tO.Nn. 417 — 
op6Oaues K.B. 195 Moposos IA. 65 
Topo6eu H.H. 244 Mopos3os fA. 478 
Topo6eu H.H. 249 HapbiTHuk T.H. 522 
Topodey H.H. 2/2 HapbitHnk T.H. 529 
[puwHses V.H. 430 HapbitHuk T.H. 533 
Maxunos B.B. 452 O6yxos VA. 55 
floney V.B. 380 Ogapenko E.H. 355 
Esrpacbos A.IO. 179 Ocunos B.N. 144 
Esgoxumos B.B. 485 OctposcxunO0.C. 384 
Eropkun A.B. 222 Flapnenko 10.9. 411 
Eropku A.B. 22/ Norapckxuh C.A. 387 
Enuceesa H.N1. 254 Norapcxui C.A. 390 
>Kykos C.N. 123 [pvsanos E.M. 393 
Marepnarni 6-it Mexayuapoanoli Aeuncnol Maxposornonol Kouhepenunn RearMuRa'G6. 16-19 cenra6pa 1996 v., Cesacronoan, Koni, Yepanna 
Proceedings of 6th International Qremean *Mécrowave Gonterence GrérMi{2a'96. 16-19 September 1996, Sevastopol, Crimea, Ukraine XIX 





List of Autors 
(Only first autor shown) 


Page Page Page 
Abolduyev 1.M. 136 Ignatkin V.S. 174 Sanin S.1. 291 
Abramov I.1. 45 lichenko M.Ye. 155 Shakhbazov V.G. 461 
Abramov I.I. 294 IIlchenko M.Ye. 161 Shakhbazov V.G. 463 
Afonin I.L. 177 lonov V.E. 419 Shipunova N.V. 107 
Alisov A.F. 206 lvashchuk V.E. 167 Shkorbatov Yu.G. 466 
Arkusha Yu.V. 322 lvashchuk V.E. 218 Sovlukov A.S. 483 
Arkusha Yu.V. 325 Kapanin II. 401 Starostenko V.V. 433 
Astaikin A.1. 240 Katukha V.P. 427 Sunduchkov K. 25 
Astaikin A.}. 357 Kempa Ya.M. 169 Sunduchkov K. 334 
Atrashkevich A.Yu. 517 Kistchinsky A.A. 10 Sunduchkov M.K. 151 
Balabanov V.V. 494 Kistchinsky A.A. 117 Taran Y.P. 437 
Balakirev V.A. 34 Kistchinsky A.A. 120 Vantsan V.M. 299 
Balakirev V.A. 198 Kitayev M.A. 15 Vasyanovich A.V. 158 
Balakirev V.A. 209 Kochetkov V.N. 140 Volodin V.1. 93 
Balakirev V.A. 236 Koledintseva M.Yu. 315 Yatsuk L.P. 232 
Belayev A.E. 71 Konkin V.A. 352 Yatzuk K.P. 476 
Beletsky N.I. 319 Konoval V.M. 285 Yeliseyeva N.P. 254 
Bodrov V.V. 365 Konoval V.M. 288 Yevgrafov A.Yu. 179 
Bosyi V.I. 3 Kozlov I.P. 395 _ Zhukov S.P. 123 
Botsula O.V. 328 Krutov A.V. 126 Zuev S.A. 337 
Botsula O.V. 331 Krutov A.V. 130 
Bragin 1.V. 459 Kryzhanovsky V.G. 2/77 
Bragin I.V. 469 Kryzhanovsky V.G. 346 
Bragin I.V. 472 Lazorenko O.V. 404 
Bragin I.V. 491 Lazorenko O.V. 407 
Bronnikov V.N. 498 Lerer A.M. 375 
Buts V.A. 202 Lisichkin A.L. 192 
Chechenin Yul. 340 Lobkova L.M. 259. 
Chernova O.V. 370 —Lobkova L.M. 263 
Chizhov V.V. 414 Lobkova L.M. 267 
Danilov V.V. 452 Lobkova L.M. 502 
Donets I.V. 380 Loparev Yu.L. 496 
Egorkin A.V. 222 Marigodov V.K. 507 
Egorkin A.V. 22 Mergvinsky A. 447 
Evdokimov V.V. 485 Mikhailyuk Yu.P. 417 
Fedotov Ye.A. 96 Morozov G.A. 65 : 
Fedotov Ye.A. 100 Morozov G.A. 478 ; 
Freude W. 303 Narytnik T.N. 522 
Gadetsky N.P. 441 Narytnik T.N. 529 
Garmash V.F. 112 Narytnik T.N. 933 
Gavrilov O.T. 308 Obukhov I.A. 55 
Gokov A.M. «398 Odarenko E. 355 
Gorbachev K.V. 185 Osipov V.P. 144 
Gorbachev K.V. 188 Ostrovsky O. 384 
Gorbachev K.V. 195 Pavienko Yu.F. 411 
Gorobets N.N. 244 Pogarsky S.A. 387 
Gorobets N.N. 249 Pogarsky S.A. 390 
Gorobets N.N. 2/2 Privalov E.M. 393 
Grishnyayev I.N. 430 Romanov S.I. 215 
xX Marepuaant 6-f Meaaynapoanoh Reemexol Maxposornosoli Kenpepenum ReerMaKeG6. 16-19 cenmbpa 1996 r., Cenacronoan, Koo, Yepanna 
Proceedings of 6th International Geemean “Aecrowave Ganference CréeHila'G6 . 16-19 September 1996, Sevastopol, Crimea, Ukraine 











Saka3Hble “4 OOSOPHbIe AOKNabI aa 
Invited Papers 





MANOLUYMALUME TPAH3ACTOPb!I MANNUMETPOBOPO NM CYBMANNUMETPOBOrO 

AVANASOHOB ANMH BONH. MATEPMANbI VW TEXHOMOMMA 

B.U. Bocni#s, A.B. VBawyk, U.K. Aneun, E.M. Cemawno, K.C. CV FAY KORE ii ievascabsastesetae cd ncived teenie cio: 3 
LOW-NOISE TRANSISTORS OF MILLIMETER AND SUBMILLIMETER BAND. 

MATERIALS AND TECHNOLOGY 

V.I. Bosyi, A.V. Ivashchuk, |.Yu. tl'in, E.M. Semashko, K.S. Sunduchkov 


COCTOAHME U MEPCHEKTUBbI PASPAEOTOK LUIMPOKONONOCHbIX 
TBEPHOTEMbHbIX YCUNUTENEN MOLUHOCTU CBY-HUANAZOHA 
Posi var NAA CVA casa casa ee Paco sana ttnsascacysa ccssuicdeal wasdusadicsabcaaiead es teceoaecavaccpese teaeacac Gee wehas tec dot cee Oh lana cae ther tte: 10 


STATE-OF-THE-ART AND FUTURE 
A.A. Kistchinsky 


MOHONMTHO-UHTEFPANbHbBIE SNEMEHTbI VW YCTPOMCTBA 

MUNNUMETPOBOLO AVAMA3SOHA BOMH 

M.A. Kuvaes, B.1. OCUMOB, O.C. OPMoBh......csscsssscssssseccsssessecssessesssssscsesecsesesssspssssarsussvssessstepessssecsesceeececcseseseeccecccceces 15 
MMIC COMPONENTS AND DEVICES 

M.A. Kifayev, V.P. Osipov, O.S. Orlov 


OYHKLIUOHAIBHAR WU TEXHONOPWYECKAA UHTEFPALIUVH 

B MAKPOBONHOBOU ONTOSNEKTPOHMKE 

K.C. Cynay4Kos, B.U. OcnHcKni, A.A. Mepxeuucknit, M.E. VinbYeHKo, A.A. BOPOHE KO... cccsesssescccsccesseees 25 
THE FUNCTIONAL AND TECHNOLOGICAL INTEGRATION IN MICROWAVE OPTOELECTRONIC 

K. Sunduchkov, V. Osinsky, A. Mergvinsky, M. tlchenko, A. Voronko 


TEHEPALINA CBY-KONEBAHMA B 3AMEANAIOLUIUX NUHMRX 
C MATHUTHOW CAMOV3ONALUMEN 


UNDER MAGNETIC SELF-INSULATION 
V.A. Balakirev, P.1. Markov, G.V. Sotnikov, Yu.V. Tkach 


APMHUMN A MOAENb KOFEPEHTHOrO SNEKTPOHHOrO TPAHCNOPTA 
C CAMOOPIFAHM3ALIMEN B HAHOCTPYKTYPAX 


WITH SELF-ORGANIZATION IN NANOSTRUCTURES 
Il. Abramov, A.L. Danilyuk 


NPUBOPb! HA OCHOBE KBAHTOBbIX NPOBOAOB: NEPCNEKTVBbI V NPOBNEMbI! 
WEP OD Y KO saci ascasccacstuva nasa tantthea tue deceveesd clans sveatsusstusa eaten specs le tu eves ucdGiadiesioelaea ere as tele dls a ates §5 


L.A. Obukhov 


CUCTEMA SNEKTPOMAFHUTHOLO SKONOFWYECKOrO MOHUTOPUHTA 
FA. Mopo3os, 10.E. Cee nbHUkoB.........cssssescssesssevssstsnscssessssessesussssssssassesssessesesarsesssssasssssstsssosssesstescseececseeseesessesecee., 65 


G.A. Morozov, Yu.E. Sedelnikov 


Marepuaan 6-1 Memaynapoanolt Agemcnolt PAfexpowoanonoii ARonpepenumn Aenea Ro'GS. 16-19 ceuts6pn 1996 v., Cenacronoan, Kpeim, Ykpanna 
Proceedings of 6th International Zeemean rMécrowave Ganference Cra Hi2o'96. 16-19 September 1996, Sevastopol, Crimea, Ukraine 1 








BNUAHME CBY-A3NYYEHMSA HA CTPYKTYPHbBIE, DVSKMKO-XUMAYECKKE 

U SNEKTPO@U3SNYECKVE CBOKCTBA PARA MOynPOBOAHUKOBLIX 
MATEPHMANOB U NPUABOPHbIX CTPYKTYP 

A.E. Benses, A.A. Benses, E.0. Bexrep, 4.6. Epmonosiuy, C.M. Kommpenko, 

P.B. KoHaxosa, B.F. Asnun, B.B. Munenny, V.B. Mpoxonenxo, C.B. CaeuHukos, 

E.A. Conosyes, 10.A. Txopnk, M.B. WeBemnes, VW. Maria... ccccsesssssseensesncccreceeeseensnrenerenereneeerenanenensenennentes 71 
EFFECT OF MICROWAVE RADIATION ON THE STRUCTURAL, PHYSICO-CHEMICAL 
AND ELECTROPHYSICAL PROPERTIES OF A NUMBER OF SEMICONDUCTOR 
MATERIALS AND DEVICE STRUCTURES 

A.E. Belayev, A.A. Belayev, E.F. Venger, |.B. Ermolovich, S.M. Komirenko, 

R.V. Konakova, V.G. Lyapin, V.V. Milenin, !.V. Prokopenko, S.V. Svechnikov, 

E.A. Soloviev, Yu.A. Tkhorik, I.l. Magda , M.V. Shevelev 


Matepnaant 6-4 Meaaynapoanolt Reamcrol Maxposoanosoit Ronepenuun RewMaRe'G6. 16-19 cenm6pa 1996 c., Cesacronoan, Kpnm, Yepaunia 
2 Proceedings of 6th International Gzemean “Aecrowave Canference Crevites'G6. 16-19 September 1996, Sevastopol, Crimea, Ukraine 





MAJIONLYMADIME TPAH3ACTOPhI MHVJLIMMETPOBOLO H 
CYB-MWJLIMMETPOBOLO JIMAITA3OHOB JIM BOJIH. 
MATEPHAJIbI Ww TEXHONOPHA 


Bocoui B.., Heawyx A.B., Haun H.FO., Cemauxo E.M,, ee KC, 
HIT "Carypx", r.Kues, rem.(044)-477-67-39, baxc(044)- 477-62-08 


AHHOTauHA 
PaGora nocBameHa Bompocam co37aHHA M@JIOMIYMAMHX MONeBLIX TpaH3HCTOpOB MHILIMMeTpoBOro H 
CyO-MHJLIMMETPOBOrO AHaMa30Ha JIM BOIIH. PaccMOTpeHbl OcOG6CHHOCTH CO37aHHA NMOMeBHIX TpaH- 
3HCTOpoB Ha OcHOBe GaAs wu CeNeKTHBHO JIerMpOBaHHbIX TeTepOCTpyKTyp C ABYMePHBIM 3SJIEKTPOH- 
HbIM Ta30M H OCHOBHBIC TCHJCHUMM B OONACTH TEXHONOrMuH HW KOHCTPyHpOBaHHA pa3sIW4HbIx THIOB 
TPaH3HCTOpPoB. | | | 


I. Bpexenne 
PasBuTHe H COBCPUICHCTBOBAHHe CHCTeM CIYTHHKOBOH CBA3H, TeIEBUACHHA, acTpodH3Hku, BOCHHOI 
ammapaTypbl pasiM4HOro HasHaycHHA B 3HAYMTeNbHOH CreneHM OMpeyenseTca ypoBHeM TexHONOrHH 
W3TOTOBICHHA AKTABHBEIX TIOJTYMPOBOAHHKOBBIX SJICEMCHTOB, OHO H3 BeEYUIHX MCCT CpeaH KOTOPEIX 
3aHHMAaloT MasIOIyMaune nonesrre CBY tpax3suctoppr. PaspaGorkoii uw u3roTOBMeHHeM MaJIOUIyMs- 
IHX TIOM€BLIX TpPaH3HicTOpoB Cc Oappepom Iiorrxn (TITILD) sanwmatotca taxve u3pecTHbIe B MNHpe 
dbupmsl, Kak General Electric, NEC, Fujitsu, Mitsubishi, Varian, TRW, Hughes u gp.{1,2]. 
UYactoTublii 7Wama30H yCTpolicts c Hcnomb30BaHHeM ITTLI cymecrsenno pacmmpunca 3a nocnez- 
Hee JECATHNIeTHE M B HaCTOAINee BPeMA YOCTHTaeT OOMACTH MVJINMMETPOBLIX HM CyO-MHJUIMMETpOBbIxX 
ANMH ‘BOTH. STO crano BO3MOxKHIM Gnarosaps FOCTWKeHHAM B OOaCTH NOMYMpOBOAHHKOBOrO Ma- 
TepHaNOBeACHHA, PASBUTMA TEXHOJIOFH4CCKHX MCTOJOB HAHCCCHHA MCTANIM4eCCKHX MW WHSNeKTpWe- 
CKMX NOKpsITHH, (POPMHPOBAHHA H NpPeUH3HOHHOrO TpaBsIcHuA CTpykTyp C CyOMHMKPOHHBIMH pa3Mec- 
pamu. He meHee BakHBIMM sABIaOTCA paOoTEl B OOnacTH MoseIMpOBaHHA Mu H3y4eHMA tbusHuccKHX 
NpOWeccoB B CBCPXTOHKHX NOMYMPOBOAHHKOBEIX CTpyKTypax, Kora Mpouecchr NepeHoca onpeyeusa- 
1oTcs OanmucruueckuMn oddextamu [3-5]. 
B yannow pa6ore mpexctrasnen Kpatkuit o630p uccnezoBaHHii B OOnacTu TOMyMpOBOAHUKOBOrO 
-MaTepHasopeyeHua, paspadorKi TeXHONOrH4eCKHX METOAOB HM HaHOoMee NepcnekTMBHBIX THNOB KOH- 
cCTpykuHi MaJIOMTy MALI TONEBLIX TPpaHSHCTOPOB, Paccmorpeust napaMeTpbl ManomymMamnx CBY 
TpaHsHcTOpoB Ha ocHoBe GaAs H pa3IH4HEIX THNMOB CeICKTHBHO erupoBaHHEIX reTrepocTpyKTyp 
(CJD) ¢ aByMepHEIM SeKTPOHHEIM ra30M. 


Ii. Donyuenne HM CBOHCTBA NO YUPOBOAHHKOBbIX MaTepHasIOB mats MA@JIOLMY MALWAX 
CBY tpan3ucropos 
OcnosHsim MaTepHasioM AA MpPOMBIMIeHHOrO NpousBoyctTBa CBU tpax3ucTropos aBiaeTcA apceHUy 
ranma [6]. Bricoxad NoxBwKHOCTb HM Hu3KaKd ScpdekruBHas Macca HocHTeNeli sapaya, Gonbmas 
WIMpHHa 3anpeweHHOH 30HBI, OCOOCHHOCTH 30HHOM CTpPyKTypbl STOTO NONyMpOBOAHUKA MO3BONAIOT 
pemarTb 3aja4u nonyaenua CBU npuGopos c HeobxoguMbIMH napameTpaMu, padoraronyux B AocTa- 
TOHYHO WHPOKOM TeMMepatypHOM jMaMa30He Hu obnanatomax BbICOKOH paqMalHoHHol CTOHKOCTBIO 
[7-9]. 

Jina nomysenna crpyktyp GaAs npumexsor PasIM4HEIe BHAbI SIMTAKCHaNbHOTO BbIpPAallHBaHHs 
- (razocpasHas, *xuyKOtasHaa, MOmeKyIapHONy4esas smuTaKcua). HanGonee umpoKoe mpHMeHeHue B 
NIPOMBILICHHOM MpoOHw3BoOAcTBe npHoOpena razo0da3sHad STIMTAaKCHA C MCNONb30BaHHeM MeTAIIIO- 
opraHwyecknx coeaMHecHHH [6,10-12]. -ITror metrog oG6ecneunBaeT BOCIPOH3BOAHMOE nowyucHHe 

CTpykTyp c TpeOyempmm mpodunem pacnpeyseneHua MpHMmeceii. : 
CreyyeT OTMeTHTD, 4TO B MOcHeAHHe TOA pAOM (bupM HHTCHCHBHO BeAyTCA paboTH NO pa3BH- 
THEO MONCKYApHO-sry4eBon srmatTakcun (MJID) [7,13 ]. Ornmuuurenbupimu ocoGeHHocTamm 3TOrO Me- 
TOMA ABILICTCA MAKCHMANIbHAR 4MCTOTAa (pOCcT OCYIIECTBIACTCA B CBEPXBbICOKOM BaKYYME IIPH AaBiie- 
HMM ocTaTouHEIx ra30B 10° Ila) u BEICOKad CTeleHb KOHTpOMMpyeMocTu 11 TOYHOCTH ynpaBieHus 
TexHoNorM4eckuM mpoyeccom [14]. Meroy MJIO odecneunsaer nomyseHne cnoes c mpakTHueckH 
MOObIM CHOAKHEIM TpOweM pacnpesenenua NerupyiwouHx npumeccii, MaKCHM@IbHOH Pe3KOCTbIO 
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rpaHv pa3yela W MHHUMaJIbHOH MMOTHOCTbIO AeeKTOR HU NoByuieK. B KayecTBe MuLOCTpallMn Ha 
puc.1 npHBeCHS! NOABYKHOCTH SNEKTPOHOB B SMMTAKCHaJIbHBIX CTpykTypax GaAs, BbIpal{CHHbIx 
metoaom MJIO s HITT "Carypx" na ycranoske "Ljxa". 

_ OgHuM x3 HanOonce ocTpIx BoMpocos pH Co3qaHHM CTpykTyp GaAs ana ITIL sasnaetca op- 
MMPOBAaHHe TpaHULbl pasqeta MeEKy WOAMOKKOH WM AKTHBHBIM CJIOCM, Ciy2Kal[HM KaHasioM TpaH- 
—gucropa [15].. na ymyamienma kauecTBa rpaHMubi pasqena Ha MOBCpXHOCTH NOyH30NMpyrolMen 
NOANOKKU BEIPAMMBaeTCA HeMerupoBanubilt Syepusiit coli GaAs, AlGaAs unm KomOunalad STHX 
cnoes [16]. Ogxum us croco6os pemeHua ZaHHOH mpoOnembi pH BbIpalMBaHWH CTpykTyp MeTO- 
nom MJID senserca vcnonb30paHMe Tak Ha3bIBaeMoro HM3KOTeMMeparypHoro OydepHoro cios 
GaAs, Tak Kak CHWDKeHMe TeMMepaTypbI pocTa MpHBOAMT K 3HAYHTCMbHOMY MOBbILICHHIO yCIbHOrO 
conpotupienua crocs GaAs B pesymbTare ynpaBiaemoro o6pa3s0BaHHa COOCTBeHHBIX necpexros [17]. 
Meroa MJED nospomser TakoKe peuiMTh aTy mpo6memy ¢ MoMombIO cBepxpemeTouHoro Oydepa [18]. 

- Heo6xo2HMo OTMeTHTS, 4TO B HacToalee BpeMa nNapamerpp! [ITI wa ocnose GaAs mpaxtTuyeckn 
yocruratoT cBoero TeopeTw4ueckoro npegena. JanbHeiimuli mporpecc B 9TOH OONacTH CTA BO3MOXKCH 
Gnarosaps HCHOMb3OBaHHIO CeICKTHBHO-JIerHpOBaHHbIX TeTepOcTpykTyp C ABYMePHBIM 9JICKTPOH- 
HbIM ra30M [19-21]. . 

TCJI npeacrasnarot coOoit MHOrocnoHEIe CTpyKTypbI, COCTOALIMe 3 CIOCB Y3KO3OHHOTO Hi 

MMpOKO3OHHOrO TomynposogHHKa. Uimpoko30HHEI NMomynpoBOAHHK JlerupyeTca CHJIbHO,.a y3KO- 
SOHHBIM WenaeTca MAKCHM@JIbHO 4HCTBIM. Ecam sHepraa HOHH3alHH PHMCcH MCHbIUC, UCM Pa3spbiB 
30HbI MPOBOAMMOCTH Ha rpaHhle pa3yera AByxX MOyNpOBOAHUKOB, TO SJICKIPOHBI, CTPeMACh 3aHATb 
NONOKEHHE C MHHUMAMbHOM SHeprveii, MepexoAAT C MPMMeCHBIX UeHTPOB (30HBI IIPOBOAHMOCTH) 
IMHPOKO30HHOFO NOMyNpOBOAHHKa B 3OHY MPOBOAHMOCTH y3KO3OHHOTO, "saIMBad" MOTeHUMAIbHY!O 
aMy, OOpa3soBaHHyt0 H3rH60M 30HbI y MOBEPXHOCTH pa3zyena. | 7 

VHUKaIbHOCTS NOJOOHEIX CTPyKTyp COCTOHT B TOM, 4TO SJICKTPOHbI HW MOpOAHBIOIMe MX HOHH3H- 
POBAHHBIC JOHOPHI OKA3bIBaIOTCA PasICCHHEIMH B MPOCTpaHCTBe, YTO NPHBOAMT K YBEIHICHHIO (110 

CpaBHeHHIO C OFHOPOAHO NerMpOBaHHLIM MOYMPOBOAHHKOM) NOABMOKHOCTH HOCHTEeNeH 3apsya, OCO- 
6eHHO Np HH3KHX TeMNepaTypax, korga mpeoOnayaiouliM MexaHH3MOM CTaHOBHTCA paccesHHe Ha 
VOHH3HPOBaHHbIX. IPHMeCCHBIX ATOMAX. 

Ha pue.2 mpercrapnena AuHaMHKa pa3BHTHa Npo“ssogctBa MILI nonepsrx TpaHsHcropos Ha OC- 

HoBe coequHeHNH Tuna A3B5. 

_ Tlepspie rerepocrpykTypbl C JBYMepHbIM 9JICKTPOHHBIM 1a30M Obi M3rOTOBJICHEI Ha OCHOBE 
naps: GaAs-AlGaAs. Cxoiicrsa [CJI 8 3HaanTenbHoit creneHH 3aBHMCAT OT COCTaBa, TOJIMMHbI HW 
YPOBHA NerupoBaHusa coeB, MX CTPyKTypbl, KayecTBa rpanny paszena. Konyerrpaiua AOHOpHbIXx 
npumeceit B cnosx GaAs u AlGaAs o6srano cocrasnser (1-2).10'° cm’. Tipu stom konyentpauns 
9NCKTPOHOB B NOTCHUHANbHOH AMe AOCTUraeT (1-2).10'* cm’, a “x NOABYDOKHOCTh Np KOMHATHOII 
remneparype - 6500-8000 cm’/B.c um BospactaeT 0 (6-10).10° cm’/B.c np oxnaxkyenumn 70 TemMepa- 
TYPHI 9KHAKOFO a30TAa. | 3 

3nHauenve MombHOi om xX B TpOitHOM coc~MHeHHM BEIOUpacTca U3 CoOOpaxKeHHA MonyueHHs 
NOCTATOWHOM BeMHYMHE! paspbIBa 3OHBI NPOBOAMMOCTH H OOEIHO cocTaBserT 0,22-0,26. OnHaKko , 
yCTaHOBICHO , TO C YBeMMYeHHeM X BO3PaCTaeT MOTHOCTh FAyOOKHX UCHTPOB 3aXBaTa (DX- 
weHTpos) B cnoe Al,Ga;,As, CBa3aHHBIX C OCOOCHHOCTAMH BCTPaHBaHHA aTOMOB KpeMHHA B KpH- 

CTanMHWyecky!0 pemeTKy Takux mieHoK [22,23]. O6pasopanue DX-eHTpoB NPHBOAMT K CHWKCHHIO 
KOHUCHTpall CBOOOAHBIX 3/IEKTPOHOB H COOTBETCTBCHHO K yxysuleHuIo BAX crToka. | 

CymecrpyloT pa3HuHbIe TeEXHOMOrM4eCKHe NPHeMbl YMCHbINCHHA MNOTHOCTH DX-veHTpoB B 

Al,Ga;.,As. O7MH v3 HMX - BbIpPamBanHe TCJI c 6 = -nerupoBaHHeM, TIpH KOTOPOM aKTHBHbIM CO 
AlGaAs He nerupyetca, a Ha ompeyeneHHOM paccTOAHHH B Hero BBOAATCA ATOMHBIC cnou ( 6 
COM) IpUMeCHBIX aTOMOB [24,25]. | | 

Cneayer ormeTuTb, 4TO HavGomee nomHO npeumymectsa T'CJI GaAs-AlGaAs mpoasamotca mpu 

KPHOreHHEIX TeMMepaTypax, MpH KOMHaTHOHM 2%Ke TeMMepaType BBIMIpbIN B NapaMeTpax 3a CucT 

pocTa MOABIOKHOCTH OKa3bIBacTCA HIDKE. | 

Orpanwucnua B ucnonp3osaHuu CJT GaAs-AlGaAs yaaerca B W3BeCTHOH CTeMeHM TipcoONeTb 
Ip HCHONb3OBaHHN, Tak Ha3bIBacMBIX, iceBxoMopunx CII. B stux crpyktypax B KatecTBe y3- 
KO3OHHOrO omympoBogHuKa BMecro GaAs ucmomp3yeTca TOHKH (< 20 HM) cnor InGaAs. I[o- 
 CKONbKY WHPHHa 3alpemecHHoli sonst y InGaAs Menbue, 4eM y GaAs, TO BO3MO%xKHO npHMeHeHHe 
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Al,Ga,,As c 6onee Hu3KoH (x=0,15) mMonbHoit goncit, npu Koropoi DX-yeurpr He oOpaszyrorca. 
Bexv4anHbl pa3pbipa 30HbI MpOBOAMMOCTH Ha rpaHHue pa3sgena mpu stom cocrasasaer 0,3 3B u KOH- 
LeHTpallus S1eKTPOHOB B NOTEHUMAaNbHON «Me Bo3pacraerT [26,27]. 

Hanpsxenus HecoorseTcTsua, O6ycHOBIeHHEIC paccormacoBaHveM NOCTOSAHHEIX pemmetoK GaAs 
u InGaAs (~ 1%) npuBogst k coxxaTuto cio Inp,:5Gao,3sAs, HB pe3symbTaTe Mmpoucxo_uT cormacoBa- 
He MOCTOAHHBIX pemerox GaAs u AlGaAs (koroppie oTmMaalorca BCero MHIMb Ha HCCKOJIbKO Co- 
THIX Mpowerta). CormacHo Teopuu, pa3paOoraHHoi Matthews u Blakeslee, ana smuraKcuanbHErx 
JICHOK CYMCCTBYCT KPHTH4CCKad TONIMMHA, HOKE KOTOPOM HanpwKCHHA, BOSHHKAaIOMIMe NpH pacco- 
riacoBanuH MOCTOAHHEIX pemeTKH GaAs u InGaAs, moryT pacnpegenaTeca paBHomepHo. Baume Kpu- 
THUCCKON TOMMHHE! (> 20 HM) HadMHatoT NpeoOnagaTh ANCHOKalMH HECOOTBETCTBHA. 

OnTHMaIbHbIM MaTepHasIOM Ait KaHasia NOMeBOrO TpaH3HcTOpa B HaCcTOAMee BPeMaA CUUTAIOT 
TBepALI pactBop Ino 53Gao47As, wsonepHogMaHE c InP [28]. [Ipesocxogcrso storo maTepnana Hat 
GaAs cBa3aHo c MeHbIIeH odpdbeKTHBHOH Maccoii 3mcKTpoHOB, Gomee BEICOKO! MOABYKHOCTbIO 
SICKTPOHOB IIpH KOMHATHOM Temnepatype, GombmmuM pa3genenuem T- 1 L-mvnumymos B 30He npo- 
BOAHMOCTH, a Take Oonbmei #MaKCHMasbHOM ApelioBoii CKOPOCTHIO 3ICKTPOHOB VS. | 

Ha puc.3 o6oOmjeHHo npezcTaBleHo pacnpeseneHue coe B CTpyKTypax ayia OObranoro TITLII wa 
GaAs u TpaHsucropos Tuna HEMT wa ocuose crpyxtyp GaAs-AlGaAs, ncesgomophurx [CII 
GaAs-InGaAs-AlGaAs u TCJI na ocnose InP, a B ta6n.1 npeacrapnenbi mapamerpsi nomympoBog- 
HHKOBBIX Coes GaAs, InP u TpoiHErx cocqMHeEHH Ha UX OCHOBE. 


OcHosuble (PusHyeckne CBOMCTBA NOMYNPOBOAHHKOBEIX MaTepHason, 
TIPHMCHACMBIX JIA H3POTOBIICHHA ManonryMamux CBU trpax3uctopos [29] 
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BaxkHbIM MpevMywectsoM crpykryp InP-InGaAs spaaetca To, 4TO MaKCHMasIbHad CKOpOCTE 3y1eK- 

TPOHOB B 9TOM MaTepHane Ha 33% spine, uem B GaAs (2,85.10 ’ cm/c u 2,13.10 ” cm/c coorserct- 

BeHHO). B mnpHOopax c KOpOTKHM 3aTBOPOM MOBbIWICHHad CKOPOCTb HOCHTeNeH 3apayja m0 cpaBHe- 

HHIO CO CTallMOHapHbIM 3HaueHHeM ele Oonee yCHIMBacT BIMAHE BLICOKOM NOABYWKHOCTH 3eKTpo- 

HoB. Pacuersi m0 Metony Monre-Kapno noxa3bipalor, 4TO mp Temnepatype 300 K u anne mpone- 

Ta 0,2 MKM CkOpocTb HocHTeseH B Ino s5;Gao47As u B GaAs coorseTcrBeHHO paBHa 7,4.10 444.107 
_ em/c. | 
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HI. Koucrpykuns, TexHosi0rusa H3roTOBseHHA HW WapaMerppi 
ManomyManHx CBY TpaxH3sHcropos | 

Wz paccmotpenma padorn ITT Ha CBY [3,6] acno, sro Hapsfy c xapakTepHcTHKaMH MomyMpo- 
BOAHMKOBOLO MaTepHaila, NapaMeTpbI TpaH3HcTOpa OMpeAeMAOTCA CFO KOHCTPYKTHBHbIMH OCOOCHHO- 
cramu. IIpu stom BbIGOp KOHCTPYKTHBHEIX PeMieCHHH OMpeseiAeTcA, MpOKAe BCerO, TCXHOOPH4CCKH- 
MH BO3MO2KHOCTAMH. | 

K nanGonee BaKHbIM (pakTopaM, KOTOpPHIe ONpeAeAIOT HW OTPaHHYMBaIOT BbIOOP BOSMOXKHBIX TEX~ 
HONOTM4eCKHX BapHvaHTos u3roToBscHna ITTII, ornocarca cBovicTBa NOBepxXHOCTH HM rpaHull pasycia 
nonynposogHHKa[3,30;31]. CoorsercTBytOlWgHMH MOKa3aTeCAMH Mp STOM ABJIAFOTCA BbICOTa HM KO- 
obibunmuert uyeanbuoctu Gapsepa Llorrku, konTakTHoe conpoTuBlenve obsactel cToKa WH MCTOKa 
IIPH COOTBETCTBYIONNUX TEOMETPHACCKHX pa3sMepax AKTMBHDIX OOnactel mpuoopa[32]. 

OaHoit 43 OCHOBHEIX TEXHONOrH4eCKHX ONepalui, onpeyensoujux napametpsr TITUI u orpanvan- 
Barolleli BLIGOp KOHCTPYKUMH, ABIAeTCA MTOrpadua - tbopmupoBaHne reoMeTpHU4ecKHx pasMepoB 
AKTHBHBIX OOacTel mpHOopa. TexHuka SAeKTPOHHO-sy4eBOH MMTOrpaPHu MOCTOAHHO CHWKaCT pea- 
“IMByeMbIe paSMepE! BIeEMCHTOB, UpHOsMKaach K CBOHM TeopeTH4ecKHM npeAeam [33,34]. 

C 9neKTpoHHO-ny4eBOH muTorpadueit u MONeCKyNAPHO-y4eBOH SMMTAakCHeH TEXHOMOTHACCKH CO- 
BMCCTHMa Pa3BHBalolmlasica TEXHONCTHA CPOKYCHPOBAHHbIX HOHHBIX My4KOB. C ee HOMOIMIbIO MO2KHO 
TOUHO CO31aBaTb OKHA B NOBCPXHOCTHBIX COAX, MPeAHAaMepCHHO BHOCHTb HapyllCHHA B CTPyKTyDpbI 
KPHCTAaWIM4eCKM COBCPIICHHBIX CNOCB, OCYINCCTBIATh HOHHOC JICTHpOBaHHe C BO3MO2KHOCTHIO 3c- 
(bekTHBHOTO KOHTPOIA rny6MHbI WM KOHWCHTpaluN BHe”ApeHHOM npumecu. Begyrca padoter B oOnacTu 
CO34aHHA KOMIVICKCHBIX YCTaHOBOK, paOoTaroulux B YCIOBHAX CBEPXBbICOKOTO BaKyyMa HM II03BO- 
NSKOUNMX CeNEKTHBHO CO34aBaTb Yy4aCTKH pa3MYHEIx cHoes c momoub1O MJID, 3neKTpoHHo- 
my4esow WHTOrpatuv 4 TeXHHKH HOHHOrO TpaBseHHa [35]. 

HanGosee BaxkHBIMH 3a0a4aMH B OONACTH pa3BHTHA TEXHONOrHH, HapaAAy C COBCpIICHCTBOBAHHeM 
o6opyxoBaHua Hu POTOUYBCTBUTEIBHBIX MaTepHAJIOB AJA SICKTPOHHO-NyyeBOK MMTOrpadun, paspa- 
6oTKOH MeTOAOB HaHeceHHa H "CyxXoro"” TpaBIeHHA NOKPbITHH, CO37aHHeM 3AMKHYTHIX AaBTOMATH3H- 
POBAaHHBIX TEXHOMOTHYeCKHX HHH, MmpeacTaBiaeTca paspaborKa HaJCoKHbIX MCTOJIOB KOHTposa 
MapaMeTPOB Ha OTACMbHEIX TEXHOMOPHYeCKHX STAMAX, CO3AAHHE METOJOB MATeMATHYCCKOFO MOACIIM- 
PpOBaHHA, pasBUTue MeTPHKH Ha BEICOKHX YacToTax [3,6,7,36-38]. | 

Teopermueckne ccnesoBaHua u anamw3 paOouwx xapaxTepucTuK noxasan, uTo TIT na 
apceHue rasiua MoryT paboTaTb B WaCTOTHOM AMara30He FO 60 TT [39,40]. Munumusaynsa anu- 
HbI KaHana Olarogapa yBeMMUcHHIO paspelatouteit crocoOHOCTH SNeKTPOHHO-IyueBoH muTOrpa- 
(bu, HCnonb30BaHHe CaMOCcOBMeLcHHO TexHoNOorun, T-oOpasHoro 3aTBOpa NO3BONAeT yily4- 
wIuTs paboune xapaxtepucTukn TITIN[41].Caegyer ormerurs, sto myammme o6pa3ypr LITHT ¢ Munn- 
MaJIbHBIM KOSHUMeHTOM UtyMa, paGoTatoumme Ha yacrorax 60 u 94] Tu, wsroropieHpi c npHn- 
MeHeHHeM TexHonorHH MJID [3,29,42]. . 

PasBuTHe NOMYMPOBOAHMKOBOrO MaTepHasOBeAeCHHA B COUCTAHHH C COBCPLICHCTBOBAHHEM Tex- 
HOJIOTHYCCKHX MCTOIOB OOpaboTKH NOJYIPOBOAHHKOBBIX KPHCTaIIOB OTKPbIBACT NCPCICKTHBEI CO3- 
JaHUd MpHHUMMMabHO HOBBIX KOHCTpPyKUMii TpaH3vcTOpoB, B OCHOBE KOTOpbIxX JexKUT "PpusuKa 
HH3KHX pa3MepHocren". Croga OTHOCATCA JBYMepHbIe, OHOMCpHbIC H HYJIbMCPHbIC KBaHTOBBIC 
CTpyKTypbI, KOTOpbIe MoryT ObITS NOMYICHbI WYTeM MOKaIM3allMH WHHCHHBIX WIM MIOCKHX OOsacTeli 
C HOMOIMIbIO SICKTPHUECKHX Noel, CeIeCKTHBHOM HMMIahTauMl WIM HOHHOLO TpaBJICHHA. | 

[Ipaxrveckas peanu3auua npuOopos c pellierKoii OAHOMEPHEIX KaHaOB OCYIIeCTBNeHa Crci{MasM- 
cramu upmpr Fujitsu [43]. B crpyxrype GaAs-AlGaAs na coe AlGaAs c momonysio ja3epHoro 
9KCIOHMPOBaHHA MM CCsICKTHBHOTO peakTHBHOrO MOHHOTO TpaBreHua PopmupyroTca MoNocKH Nt- 
Tuna umpHHoi 50 HM. PaccroaHue mMeaxgy nonockamu 200 uM. Hopepx momocoK tbopmupyerca 3a- 
TBop. IIpH nogzaye Ha 3aTBOP OTPHUATeMbHOTO HaNpwKCHUA COM ABYMCPHOFO SJICKTPOHHOTO ra3a 
Mexy notockamu GaAs oGeHAeTCH HOCHTCIAMH, HTO MPHBOAUT K oOpa30BaHHto KBa3HOAHOMEPHBIX 
nposoxmmux KaHanos miMpHHol 50 um. C ysBemw4eHveM OTPHUaTeHbHOrO CMECIICHHA Ha 3aTBOpe 
oSeqHEHHEI cnoii MexKTY MONOcKaMH pacuMpseTCA, H KBa3HOAHOMEPHbIe KAaHasIbl MpeoOpasy1oTca B 
OJHOMepHbIe mMpuHoH 10 HM. 

TeopeTwueckHl aHasiu3 M€XaHH3Ma MepeHoca SJICKTPOHOB NOKa3biBacT, 4TO, OnarogzapaA OTCYTCTBUIO 
YUpyroro paccesHHA 3/ICKTPOHOB, NOABYOKHOCTb HOCHTENeH 3apsla B TaKOH CTpyKType CTaHOBHTCH 
Gombe, 4em B OOBTHEIX HEMT c asymepHeim KaHasom. Ha 6a3e Taxol crpyKTypbI MoryT ObITp 
cosqaHbl CBepxOBICTposelicTByIONve Tpan3HCTOpbl C MayOH MOTpeOMAeMOM MOLMHOCTHIO, KOTOpHIC 
TIpeB3OHAyT 10 CBOMM XapaKTepucTuKamH npHOops Ha siexte Jpxosedcoua. 

Onnako, cneqyeT OTMETHT, YTO CTPyKTypBI TaKOTO THMa Moka MmpesCTaBMAIOT, riaBHbIM OOpa- 
30M Hay4Hbiit wHTepec. [paxtuyeckas peamusalyva MamlOulyMaInHMXx ycTpolicTs CyOMMJIHMeTpOBOrO 
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AMaNa3o0na CTajla BO3MO%KHOK NOCMe OCBOCHHA NPOMBIMIeHHOrO nNpoHsBogcTBa TCI] c ”AByMepHEim 
SJICKTPOHHBIM ra3oM. Ocuosnpie THmbt HEMT na CCJI mpegcrapnenpi 8 tTa6s.2. 


HEMT na ocnose cenexruBHo serupopanHprx [CII c aBymMepHbiM 9ICKTPOHHBIM ra30M 


TaOnuua 2 
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_ Yxe nepprie HEMT, usroropnennpre Ha ocHOBe reTepocrpyxtyp GaAs-AlGaAs, noxa3anu mep- 
CICKTHBHOCTh JaHHoro HanpaBnenua. Tax, HEMT c qnunoit 3aTrsopa Le=0,5 mkm o6nayanmm Takum 
ke KoodiurMentoM mtyma, kak wu oObraHpe JIT c Lg=0,25 mxm [4]. Wsroropnenss HEMT c 
Kosunvertom nryma 2,5 Ab ua yacrore 35 [Ty npu Le=0,5 mkm u Takum xe Koadbdurnentom 
WiyMa Ha yacrote 60 D1 npu anne 3aTBopa 0,25 mxm.( Ta6.1.3) 


CpaBHuTenbupie xapaktepucTuku Mapametpos TITIT u HEMT c xznmnoi kanana 0,25 mkm 
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 ambueiimee passutue. HEMT nonyauau mpu ucnonp30sanun mcesgomoppupx ICJI GaAs- 
In,Ga,yAs-Al,Ga;As, rae x<0,20, a y<0,15. Ha puc.4 mpegcrapnens! yacToTHRie 3aBHCHMOCTH 
Koop pHyHenta nryMa Aut HEMT c anuuoii sarsopa 0,25, 0,15 1 0,1 mx [45]. ) 
HanOonee nepcnekTHBHEIMH B HacTosiece Bpema cuutaior HEMT ua ocuose InP. B CII 

InP/In,Al;..As/ InjGa;.,As ¢ yBermueHvem MonbHolt gos (x=0,52, y=0,53) Benvanna paspbiBa 30HbI 
NIpOBOAMMOCTH BospacraeT FO 0,52 9B. IIpu strom so3pactaer B 2-3 pa3a KOHI[eCHTpallua 3seKTpO- 
HOB B NOTCHUMaIbHOH AMe WH HX Apetidopaa cKopocTs. CpasHuTesbHad O|eHKa WIYMOBbIX XapaKTe- 
puctuxk HEMT ua GaAs u InP npegctapnena Ha puc.5. Ilo nporno3am cnelmmanncTos jambHelilec 
pasBuTHe STOFO HaNpaBcHHA - CO3qaHHe NceBgOMOpHEIxX HEMT ua InP c ysenuaeHHoi MONbHO! 
AOC MHA B TPOHHOM cocaMHeHHH 0 0,6-0,65 [46]. 
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[V. 3axmouenne 

1. Juana30n pa6ounx 4acTOT MaJIOLIYMAIMX NOMeBEIX TPaHSHCTOPOB Ha OCHOBE Coe AMHCHHH TH- 
na A3B5 cynyecTBeCHHO pacuIMpHica 3a MocHeAHee WecaATMICTHe WH AOCTHY OONaCTH MHJIIMMCTPOBBIX 
HM CyO-MMJIIMMeTpOBDIX AHH BonH. Ycrexu B 9TOi oOmacTH CTanH BOSMOXKHEIMH Onarogaps pa3sBH- 
THIO TEXHOJIOPHYCCKHX METOAOB Hf HMCCIIEXOBAHHAM (H3H4CCKHX TIPOLECCOB B TOHKHX MOWYMPOBOL- 
HMKOBBIX CJIONX HM reTepocTpykTypax Ha ocHoBe GaAs u InP. : Ws 

2. Peannsauna mpvOopos c pemerKoit OMHOMCDHBIX KaHaNOB NOSBOAKT CO3TaTb CBepxORICTpoACHcT- 
BYIOMMe TpaHSHCTOPb!, KOTOPBIC MpeBsoiiAyT NO CBOHM XapakTepucTuKaM MpHOopEl Ha acpipexte 


JIxosedcoua [47]. 
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LOW-NOISE TRANSISTORS OF MILLIMETER AND SUBMILLIMETER BAND. 
MATERIALS AND TECHNOLOGY 
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The development and improvement of the satellite communication, TV, astrophysics, military equipment of various purpose is 
defined mainly by the level! of technology of manufacturing of active semiconductor elements, among them the leading place take 
the low-noise field-effect transistors. The world wide famous firms, such as General Electric, NEC, Fijitsu, Mitsubishi, Varian, TRW, 
Hughes, etc. produce and develop the FET transistors. The frequency range of FET devices was expanded, essentially for the last 
decade and at the present time it reaches the millimetre and sub-millimetre lengths of waves. The several questions on creation of 
low-noise microwave GaAs FETs, as well as the transistors with high electron mobility (HEMT) on the base of the most perspective 
types of heterostructures have been considered in this paper. 
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AHHOTAUWMSA 


 Anarm3upyroTca cocTosHMe pa3pa6oToK WM TapaMerpbl TBepAOTeNbHbIX  YcHIMTeTeH, 
OCHOBHbIe TeHeHIMM pa3BUTHA 3TeMeHTHOM Oa3bl WIA MouHEIxX CBU mpnbopos, ocobeHHocTu 
TOCTPOCHH MOLIHbIX LWHpOKONONOCHbIX yYCHIMTEIeH. | 


BBEJEHHYE 


ILmpokonosocHble TpaH3ucTopHble ycumutrenw MomHoctu (UITYM) CBU guarma3ona 
ABJIAIOTCA OMHHMH 13 HanMOolilee TpYLOeCMKHMHX HM OPOrocrTomNAX KOMIIOHEHTOB COBPeMCHHBIX 
pamuocucrem. OSTo  o6ycioBteHo cOKHOCTbIO MX pa3paboTKH, OOcbIIHM oObeMOM 
HaCTpOCuHbIX HM KOHTPONbHbIX oOflepallMli Mp W3TOTOBNeHHM MW OTHOCHTENbHO BBICOKOL 
CTOHMOCTbIO = TIPMMCHAeMbIX NOWYHPOBOTHHKOBbIX KOMIIOHEHTOB - MOLHbIX CBY 
TpaH3HCTOpOB HM MOHOMHTHHIX WHTerpalpHbix cxem (MHC). Ilepcnextupe: tTexuuyeckoro 
pa3sBHTHa HM cHyKeHua croumocTu LIITYM caasanbi riaBHbIM oOpa30M C IIpHMeHeHHeM MX B 
BOCHHDIX CHCTeMaX Ha 6a3e aK THBHBIX (a3HpOBAHHbIX AHTCHHDIX pelieroK (ADAP), Takwx, Kak 
‘CHCTEMbI payHooieKTpoHHoH GopbOpi WH ~MHOToOdyHKUMOHaIbHble OopToBble padqvowoKaToppl 
[1]. I[pumenenpwe LUTYM~ 8B gapyrux oOmacTax TexHWkKH OrpaHH4eHO HCiOUIb30BaHHeM B 
cpeyicTBaX M3MepHTCIbHOM TeXHHKH H B alliiapatype Wa HaydHbix HcchesOBaHHH. 


MOITIHbIE CBY TPAH3HCTOPbI 


AKTHBHBIM 3]IEMeCHTOM B GORbIUMHCTBeE MpOMbIIIeHHO BbiTyckacmprx LUITYM CBY 
WMala30Ha ABIIMIOTCA KPHCTaIbl aPCeHHATaWIMeBbIX MOJICBbIX TpaH3HCTOpoB c OapbepoM 
Illorrma (ITU. B wacrosmee Bpema cepuitHo BbinycKalorca xKpuctanmer ITT 
CaHTHMeTpoBOro jMana3zoHa C LMpHHOl 3aTBopa 0 5-8 MM H BbIXOMHOH MoUHOCTbIO Wo 2-3 BT 
Ha Kpuctann. O2HHM 43 OCHOBHBIX HallpaBleHuii coBpepuieHcTBoBaHua MoiuHBIX ITI 
ABNACTCA CHMKEHHE TeMIOBOTO COMPOTHBIICHHA. ITO MOCTHTaecIcaA 34 CUT MCIONb30BAHHA LA 
3a3€MJICHHA  WCTOKOBbIX 9JICKTPOJOB CKBO3HBIX MeTaJUIM3HpOBaHHbIX OTBepCTHH u 
dopmMupoBpaHHa Ha oOpaTHoi cTopoHe Kpucraiia YrawbBaHHyecKoro HMHTerpasbHOro 
TennooTBona. Tipu 9T0M MoxeT ObITb pealv30BaHa TOWMHA apceHHya rays oO akKTHBHOK 
crpyKrypoii 25-50 MKM M CHMkKeHMe TermmoBoro CompoTHBeHHa B 1.5-2 pa3a. Kpome Toro, 
HCHONb30BaHHe MeTaJUIM3HPOBaHHbIX OTBepCTHit NO3BOIMET CHH3MTb HHAYKTHBHOCTb Obiero 
gneKkTpowa 10 3HaueHuii 0.005-0.01 BIH w 3a cueT 9Toro Ha |.5-2.5 Wb NOBbICHTb KooppuuvenHT 
ycunenua TITUI. Shpextnanbim MeTOHOM CHYKEHYA TeMIOBOTO CONPOTHBIICHHA ABILACTCA 
MeTO MepeBepHyTOrO MOHTAKa KpHcTaia,  OHaKO H3-3a Cepbe3HbIx MpobsieM B TexHOOrHH 
cOopKH MHOFOKpHcTauIbHbIxX Moye 3STOT MeTOX MNPHMeHACTCA OUCHb OlpaHHdeHHo. 
YVielbHad MOWMIHOCTh NPOMbINIIeHHEIX O6pa3ijoB MouHbIx TITL cocrapuser 0.3-0.5 Br/mm npu 
KIT] or 30 no 40%. 

Jlanpuelitiice MopbiiieHHe yewbHoii MowHocTH wu KIT TpaxH3ucropoB cBA3aHO C 
paspaOboTKOi HOBbIX MaTepHasloB HM TexHONOrMM MopMupoBaHHA aAKTHBHDbIX CIOEB C LelIbIo 
TOBbINICHHA TOXBYOKHOCTH WM CKOPOCTM HacbIUeHHA HOCHTeweH B KaHalle WH CoxpaHeHHA 
BbICOKHX NpOOMBHBIX HaNpsKeHHM.OAHUM u3 yNa4HbIX HalpaBsenuii cTayla paspadotKa [2] 
dupmoi Texas Instruments T.H. moxeBoro TpaH3HcTopa c reTepoctpyxTypoH (HFET), 8 
KOTOpOM OObIMHbI OfHOpowHO MermpoBaHHbii n-cnofi GaAs oTseweH OT 3aTBopa 
HU3KoMerMpoBaHHE AlGaAs cioeM. STO MO3BOMIO NOBbICHTh NpOOMBHbIe HalpmKeHHA WO 22 
B, peayiM30BaTb BbICOKyIO KpyTH3Hy Mp MaJIbIX TOKaX KaHalla WM MoslyIHT pu paoote B 
kacce AB KIT] no 75%. | 

Han6onee BbICOKMe pe3yIbTaTbl B MYJUIMMeTpOBOM fMama30He OCTHrajQTcCA Cc 
HCHONb3OBaHHEM TEXHOMOLHH T.H. TICeBLOMOp@HbIX TpaH3HCTOpOB  C BbICOKOM NOABHKHOFTbIO 
9ilekTpoHos (pHEMT) [3]. omyyenpt yaenbHEie MouHocTH 0.7-1.3 Br/mm 4 padboune wacToTpl 
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mo 60 TT, ofHako B BHe HPOMbIIITeEHHDIX O6pa3ll0B TakHe Tpav3HCTOPb! MOCTAaBIAIOTCA MOKA 
OrpaHHIcHHO, B OCHOBHOM HICIIO/Ib3y!0OTCa B COOCTBEHHBIX pa3paboTKax palMOoseKTPOHHbIXx 
dup. B Poccum MouHEre pHEMT-1pan3ucroppi He pa3pa0oTaHbt. 

| MHTeHcHBHbIe MccieqoBaHua M pa3pa6oTKH NpoBOAATCA B OGMACTH co3maHUA MOLTHBIX 
TeTEPOCTPyKTYpHbIX OMNOMPHbIX TpaH3sHcTopos (HBT), napamerpsr HadopaToOpHHX oO6pa3oB 
Koroppix (KIT/I, ycumenne) B caHTuMeTpoBoM jMana30He yxe CpaBHMMbi C llapamMerpamu 
nyaux ITU, ano yaenbHol Momnocrn (10.5.6 Br/mm2) onepexatoT ux [4]. 


MOHOJIMTHBIE MHTEFPAJIbBHBIE CXEMbI 





IIporpecc 8 TexHonormm MMC CBY, no3somemnit BCLYUIAM (PHpPMaM TOBbICHTb BbIXO 
TOMHBIX KpucTaon Ho 30-70% pw noma Kpucranna 4-10 KB.MM, Man Hauamo 
WpakTHYeCKOMY BHC]IPeHHIO WIMPOKOMONOCHbIX #=MOHOJIMTHbIX ycHMTeneli MOMIHOCTH B 
PaTHOSIeKTPOHHBIe CHCTEMBI, B IlepBy!0 O4epeyb B CHicTembl c ADAP. Iipa nocrpoenuu MHC 
INMPOKONOJIOCHbIX YCHJIMTeeH MOWHOCTH HanOolbliiee IpHMeHeHve Han —wBe cXeMHbIe | 
kongurypauun. MKC c mepexppiraem no uacrote or 3 no 10-20 u Gonee PeasIM3yIOTCA TO cxeme 
ycunntTena Oeryujei BomHbt (YBB, puc.la.). [na CTaHapTHOTO ANd 9TOrOo Tuna MHC 
AMatia30Ha 2-18 [Ta gocturnyTst BbIXO_HbIe MoWHOCTH OT 200 MBT (MHC tuna CMM-10 
dupmpi Celeritek, CLIIA) a0 400 MBr (MHC tuna TGA8334 dbupMpi Texas Instruments, CLIIA) 
C KPpHCTaJla Tip WHHeMHOM ycrreHuu 6 - 9 1b. YBB otmmuaiwrtecs BbICOKoii PaBHOMepHOCTbIO 
YCWICHAA WH HU3KMMH KOIPPvUMeHTAaMH OTpaxKeHHA OT BXONa MH BbIXONa, ONHAKO, HMeIOT Mamblii 
KITT ( 8 - 10 % gna yoomanyrerx ppiie MHC). 910 OOyCNOBHeHO CYLIeCTBeEHHbIM 
paccoracoBaHHeM B pexkHMe OoMbLuICTO CHrHawa Harpy30K oTAZeubHbIX TITIL, o6pa3yroumx 
HCKYCCTBCHHY10 JIMHMIO, OTHOCHTEIBHO ONTHMalbHOro WA RaHHOrTO TITLU wmnenanca. Onnum 
‘M3 CX€MOTCXHM4eCKUX MyTeH NOBBILIeHHA BLIXOMHOK MomuHocTH u KIT] 8 YBB ssnaetca [5] 
HCHOIbIOBAHME ABYXCTOPOHHErO BO3OYKTCHHA BOHbI BO BXOXHOM MHHUM HW COOTBETCTBYIOLICe 
CYMMHpOBaHHe CHrHaOB BbIXOMHOH iHHuM (puc.16), aro lo pacderaM aBTOpoB TO3BOJMT 
YBCIMGMTbh BhIXOAHY!0 MOWHOCTS YbB na 2-2.5 qb. OcHosHoit xe 1yTh passuTua YBB caa3au c 
HOBbIILCHHEM YeIbHOM MOWHOCTH TpansucTopos. B PoccuH B IpOMbIMIMeHHDIX OOpa3yax YBB 
mMana3ona 2-18 [Ta qocrurnyta = BbIxogHaad MolHOCcTS 30-50 MBT, B IKCHEPUMECHTAaJIbHbIX 
oOpasijax AMana3ona 1-12 Ta - MomHocrp 200-300 mBr, pa3spaOoTkw Takux MUC penytca B 
AOOT "Oxtaspa" (r.Hopocu6upcx) nu B THT "Wcrox" (r.Dpa3MH0).Bropol wmmMpoKo 
MCHONb3yeMoH cxemow [6-8] sBiaeTCd cxXeMa JByXKacKaqHoro ycumuTena c oouiedt 
MOKKACKaNHOM Cormacyroulet Wertbio (puc.1B). Tonoca yactror raxux MHC yxe, sem y YBB, 
OMHAKO MOXKET KOCTHTaTh TpoMHoro tepekpbiTHa. OTHOMWeHHe LIMpPHHbI 3aTBOpa BIXOZHOTO U 
BXOWHOrO TpaH3HCTOpoB coctaBliaeT oT 2:1 no 4:1 [6]. Cormacyroumme nenu crpoatca Ha 6a3e 
COCTPeHOTOUCHHbIX HW KBa3HCOCPeHOTOUCHHIX 3IeMeHTOB Ha KpucTamie MHC: KOPOTKUX 
BbICOKOOMHBIX = OTPe3KOB MMKpOTONOcKOBoHt mHHHH uw MJIM-kKonmeHcaTopoB’ B 
NOCHCXOBaATCIbHOM H HapaJDIeIbHOM BkKInOueHHH. IIpaxtuyecku sce MHC c Bpixonnoit 
MOIMHOCTbIO Oonee 0.5 Br WMeloT 3a3eMJIAIOUIMe MeTAaIIM3HPOBaHHbie OTBEpCcTHa MCTOKOB 
TpaH3HcTopos H TpebytoT AByxNOMApHOro NHTaHHa. BerxonHaat MowHOcTb u KIL raxax MAC 
CYIMCCTBCHHO 3aBHCAT OT NOOChI MW Malla30Ha padounx yacToT uM CocTaBusert OT 0.5-1.5 Bra 
mMana3zoue 6-18 PT [7] qo 2-5 Bre quana3oue 8-12 [Ty [6] n 5-7 Bre quama3one 8.5-10.5 [Ty 
[2,8] mp KITT or 13 go 35-40%. K Hegocratkam aHHoii cXeMbl MOXKHO oOTHecTH 
TIOBBHIICHHYIO HepaBHOMepHOCTb YyCHJIeCHHA WM OTHOCHTeNbHO BBbICOKMe KoopPHUMeHTHI 
OTpaxKeHHA BXOfa M BbIxOHa. J[ByxXKackaj{Had CXeMa C YCIeXOM peasIM30BaHa MO rHuGpuqHo- 
MOHKOJMTHOH TexHonoruu [9], To3BomHB peamM30BaTb Ha AMCKpeTHbIX MpombnumenHErx ITIL 
YCHIMTeHbHbIe TUCHKU C MOWHOCTHIO 0.4 Brs nonoce 6-201Taq ui Brsenonoce 7-12ITu. B 
HOCHeHHHe TObI HAMCTHIaCh Cepbe3Had KOHKypeHuMa co cTopoHbi MMC wa 6a3e HBT- 
TpaH3uctopos. Ilo sto TexHONOrHM yxe pa3spa6oTaH Uenbiii pax o6pazn0Bn MAC ycumteneit 
CaHTHMETPOBOrO AMala30Ha C BbIXOMHOK MOWMHOCTbIO 2-5 Br uv nonocol oT 20 no 100% [10]. 
CpaBHiTevIbuble XapakTepHcTHKH MOWWHBbIX MUC ycunmteneli npuperenbi Ha auwarpamme puc.2. 
/lanbHeiiilee yryymenve Tapametpop MUC caa3ano c copepllicHCTBOBaHMeM TeXHONOrHH ui 
HapaMeTpoB TpaH3MCTOpoB, a TakKo%ke C aJIbHeiWIMM LOBbILICHHeEM BOCIIPOM3BOAMMOCTH 
BbIXOa TOMHbIX KPHCTaWIOR, YTO NO3BOIMIO Obl yBeIMYHT’ creleHb HHTerparan MUC. B 


Marepuaant 6-% Menaynapoauoit Reamcnoit *MeKpanoanonoii Rouhepenunn AgwrHaRe G6. 16-19 ceuma6pa 1996 r., Cenacronoan, Kpomm, Yepanna 1 
Proceedings of 6th International Geemean *Hécrowave Gonference CriWila'G6. 16-19 September 1996, Sevastopol, Crimea, Ukraine 











Poccum pa3pa6oTKH MOIHBIX MHpoKoronocHDix MUC senyrea B AOOT "Oxtaspa", HUMMIL 
(r.3eneHorpay) HB paMkax CoBMecTHBIX pabot FocLHMPTH - PHOT "Wcrox". 


ee rg lf ah A tn tt er ST Sl PT LE TT LY 


LUTYM CBY JMATA30HA 


Iipu mpoextuposannn LUTYM CBU amana3oua peltiatoTca Be OCHOBHbIe TexXHHdeckHe 
TpoOsempl: pa3spa6o1Ka BbICOKOIPPeKTUBHBIX THOPHAHbIX MI MOHOJMTHBIX aKTHBHBIX 
9H@MCHTOB C MAKCHMaNbHOli Wt WanHol MOMOchl YACTOT BbIXOAHOM MowHocTbIO H KIT, 1 
co3iaHne KOMMAaKTHbIX MHOPOKaHaJIbHbIX INMPOKOMOJIOCHbIX CX€M JeeHHsi-CyMMUpOBaHHA 
MOUIHOCTM C MaJibIMHM ToTepaMH. OcHOBHOM OcOOeHHOCTbIO NpOecKTHPOBaHHA AKTMBHbIX 
anementros LUTYM sapuaerca HEOOXOMMMOCTS CHHTeC34 HW OFITHMH3aWHi CXeMbI 110 KpHTepHAmM 
(BLIXOAHad MoUIHOCTb, ycunenve, KIT), pacuer KoTOpbIxX NPOBOAHTCA B HeNHHeHHOM PexKUME. 
Sro TpeOyer HcHomb30BaHHaA cooTBeTcrByiouMx cpefcTB. CAIIP (GatpaTb! MalluMHHoro 
BPeMeHH pH pacueTe B HeMMHelHOM pexwMe yBerMUHBAaIOTCA Ha 2-3 NopsyKa) U, TiaBHOe, 
HawWaMaA JOCTOBepHbIX HewMHeMHEIX MOJleyel BbIOpAaHHbIX THNOB TpaH3HCTOpoB, He 
ipehocrapiaeMbrx dupMaMu-locTapuiwkamu. B oTNWGHe OT MOLIHbIX Y3KOMOOCHBIX 
ycumuTenei, Ipu paspaboTKe KOTOPbIX MOCTaTOYHO 3*peKTHBHbI IMNMPHACCKHE HM YIIPOLICHHbIe 
MeTONbI MpoeKTHpoBaHua, Dit Spicrpot paspaboTkH IWTYM HeoOxoquMo co3qanMe wi 
OcBOeHHe leo TEXHOOLHH, BKIOUAIONIeh MCTOLMKN WH CpeyCTBa JIA M3MepecHHsA WapaMeTpoB 
HeNIMHeMHbIX MOeNei TpaHsHcTopoB, MOlllHble HemMHeiHble CAIIP, wapoKonmoocupie 
cpelcTBa W3MepeHHit, MeTOAbI CHHTe3a COracyloulMX Menel, MHTYHIMIO M OMbIT paspaooToK. 
CxeMbl cOrlacyrollM“x Wetel rHOpHaHbIX YCHIIMTEMbHbIX JIEMCHTOB CTpOATCA KaK MWpaBHJIO Ha 
OCHOBE MHOTO3BCHEDIX CTpyKTyp Tua PHY wim TpanchopMaTOopoB MMMMewaHca C BKIOUCHHEM 
HapaWeNbHbIX KOHTYpOB MHTaHHaA HW CTaOHIM3allM C HMCIONb30BaHHeM paclipey(eeHHbIX MI 
KBA3HCOCHEHOTOUCHHBIX. MMKPOMONOCKOBbIX 3JIEMCHTOB. ]ipyrve Tuibit jJMHHi B MOLIHDbIX 
mpHOopax NpakTMueckH HE MCIOUb3yIOTCA. 

Jia WMpoKONONOcHOrO CyMMMpOBaHHA NpHMeHAOTCA CXeMbI O“HapHoro (pHc.3a,6) 
eouesHoro (puc.3B,r) THoB. CxemMa OuHapHoro cyMMHpoBanua Ha 6a3e MocToB JlaHre 
(puc.3a) HauOomee pacnpocirpaHena WM MCHONb3yeTCA MpakTH4eckH BO BCX IIPOMbILWICHHO 
ppimtyckaembix IITYM c monmoctbio go 1-2 Br u mepexppiruem mo yactote 2 - 4, 
JlocTOHHCTBaMM CXeEMbI ABNIAIOTCA XOpouice WOMABMeHHe OTPAKCHHH AKTHBHBIX IICMCHTOB Ui 
KOMIUAKTHOCTb, HCHOCTATKAaMH - NOBbINICHHLI€ AMIUIMTYAHbIM pasballaHc BLIXOMHBIX KaHasloB, 
TEXHONOrH4ecKad UYBCTBHTENIbHOCTS M MoTepH. Cxema Ha 6a3e CHHpasHbIX WemMTeeH (puc.36) 
oGiataer MaJIbIMM pa36astaHCOM KaHasIOB MW TEXHONOPMYECKOH TYBCTBUTCIBHOCTbIO, OHAKO, He 
oGecnemBaeT NoWaBIeCHUA OTPaxkeHHbIX CHrHAIOB MMeeT OombiuMe rabapuTb!. Ucnomb3yercs 
oHa pw CyMMHpOBaHH cormacoBaHHbIX Moyle KH00 B KOMOWHAaIIMH C MOCTaMH Jlaure. 
[lemoueuHble CYMMATOPH! MCHONb3YIOTCA WIA peaTu3allH KOMMAKTHDIX CXEM C YHCIIOM KaHaJOB 
oT 3 20 6, a B KOMOuHalMM C ApyruMu Tunama penutemedi or 6 [11] mo 12 [12]. Cymmatopbi Ha 
OCcHOBe HallpaBJIeHHbIX OTBeTBHTeNeM (puc.3B) HanOolIee KOMMaKTHbI, HO oOOsaaIoT 
HeslocTaTKaMH, NepeqciicHHbIMH BbINe WIA MocToB JJaHre. CyMMaTOpbl Ha OCHOBE 
CuHa3HbIX 3BeHbeB C HepaBHbIM JeweHHem (puc.3r) obamaloT MabIMH pa30asaHCoM KaHasoB 
WM TeEXHOUOLM4eECKOM YYBCTBUTEMbHOCTHIO, OOECIIeEdHBaIOT MoWaBeHve OTpaxkeHHbIX CHTHAaIIOB 
3a cueT Capra :a3 MEOKTy KavallaMu, HO HMeIOT HecCKONIbKO Combine raOapntbl 13-34 Hawa 
Ha BXofe WMpokononocHoro TpaHciopmMaTopa uMMefaHca uM cCllabylo pa3sBa3Ky Mex 
KaHaJlaMu 3a TpaHWiiaMH OKTaBHOL Momocet yacTor. [lenouedHbie CyMMaTOpb! NPHMCHAIOTCA B 
LUITYM u nepenaroumx Monyiax ADAP c nepexppituem no yactote oT 1.4 To 3. | 

He cOpacpipaerca co cyeTa H KMaccH¥eckHM ciloco6 WiMpoKoMoNOCcHOrO coriacoBaHMa 
TapaswieibHO-BKJHOUeHHEIX Kpuctamnop [ITU np nomMolumm MHorocTyieHuaTpix 
YeTBEPThBOWHOBLIX TpaHciopMaToposB HMiezanca. [pu AoctaToaHo OoubIIOM IMCIE cTyneHeli 
Hi ONTHMaIbHOM BbIGope TOMMMHbI H MOIeEKTPHYeECKOH MpOHHaeMOCTH MOATOKKH MOPYT 
ObITb peaM30BaHbl MOUHOCTH 10 15 BrB OKTaBHOH MoMOce YaCTOT [13]. 

JlocTurHyTbie 3HaveHHA BbIXOXHOM MOUIHOCTH TIPOMbIWINeCHHO BbITYCKaeMbIx JUTYM wu 
na6opaTopHblx Obpa3ijoB ycuMTeei MoKa3aHbl Ha Quarpamme puc.4. B Poccnu pa3padoTKH 
IWITYM wenyres Bp THI “Anmas" (r.Caparos), AO "Oxtapa", QHIUII "Yicrox", 
TocL{]HHPTH, AO "Camot" (ct. Huxuuit Hopropon). 
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3A KJIOUEHVE 


| B Ommpkaiinime roypl cC OCBOeHHEM TeXHONOTHM NPOMbIIeHHOTO NpOw3BONCTRA MOLIHbIX 

pHEMT u HBT tpansucropos uw MMC ua ux ocHose, napametpet 3apyOexHprx LITYM CTaHyT 
HeWOcaraeMbIMH. /DIt co3qaHHa KOHKYpeHTocHocoOHbIxX upHoOopoB B Poccun HeoOXOMMbI 
CPO4HbIe HM KpyUHble MHBeEC THM B paspaboTKy COBpeMeHHBIX TeTepoomHTaKcHasIbHbIXx 
CIpykTyp, JmMO0 Mepexog k pa3paborKe TpaH3ucTopos u MHC na 6a3e 3aKa3HBIx CTPyKTyp, 
HpHoobpetaempix y 3sapyGexHbix pup. | 
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The major technical and technological problems on designing and producing of wideband microwave power amplifiers based on 
GaAs, FETs, HEMTs and MMICs and some ways of the solution were discussed. Electrical parameters and state-of-art of the 
amplifiers which have been realized in laboratories and in industry by the leading electronic firms of the world and of Russia, have 
been analysed. Some major trends on the development of perspective commercial available semiconductor components for power 
amplifiers - FETs with a via-hole source metallization and integral heat-sink have been discussed. The parameters of wideband 
power FETs produced by some companies of the USA, Japan, France and Russia have been compared. The scheme and 
construction properties of wideband microwave power amplifiers, reliability, temperature stability and some of the main applications 
have been discussed. 
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AHHOTAITHA 


PaccMorpeHo coctosHMe pa3pa6oToK WW VccHelOBaHMit MOHOMTHO-uHTEer- 
P@JIbHBIX CX€M B WMalla30He MVWJIIMMCTPOBBIX BOIH - MMMC CBG. 
| Ha ocHoBe MpWHUMNOB co3qaHus MOHONMTHO-MHTerpabHbIXx ycTrpolicrs 
‘CBY paccMotpeHbI WlepciieKTUBHBble THIIbI JMU Tepewai, WIA KOTOpbIX TIpoBe- 
NeHa OWCHKAa OCHOBHBIX IICEKTPUYeECKMX MapamMeTpos. 

PaccMoTpeHbI TexHomormueckie ocobeHHOcTM w3roToBIeHun MMMUC CBU. 

IIpuOops  ycTpolictBa Ha ocHope MMUC CBY npenna3zHayensr ms Tipu- 
MeHeHia B POA, B YacTHOCTH B TIPMeCMHBIX MOLYIUAIX. 


I. BBEJIEHWE 


OemMeHtTHast 6a3a coppemeHHot PXA mMwuIMMeTpoBOrTO AMatia30Ha rlocrpo- 
eHa TIPeViMyIeCTBeHHO Ha TCXHMKEe TIPAMOYFONbHbIX BOJHOBOLOB. Muterpatbupre 
CX€MbI MVYWJUIMMCTpOBOrO JMalia30Ha BbINONHAIOTCH Ha BONHOBONAHO-IUeENeBbIX JM- 
HuAX. MOHOUMTHO-MHTerpaibHble ycTpolictBa Ha WMHUAX Apyroro Tula mMouyuWwM 
OTHOCMTeJIbHO claboe pa3sBuTue. OAHOM M43 TIaBHbIX IpWVYWH ABINeTCH HeBbICOKas 
MOTPCOHOCTb B MVJUIMMETPOBBIX MOJIYIIAX TIO CDaBHeHMIO C HHM3KOUACTOTHBIMM aHa- 
moraMu. | 

[lonoxuTeNbHbIe TEHCHIMM MU CEBUrU 3a pyOexXoM - pocT ToTpeOHoctTer B 
POA MMIIMMeTpoRoro BMata30Ha 3a NocnemHue romp [1] BbIHyYxKTaeT BHOBb Bep- 
HYTbCH K I1poOseMe MpoeKkTupopanua MMMUC CBU. | 

l'aBHbIM IIpelaTcTBueM Ha MYTH ee pa3perlleHua TIO-IIPEXKHEMY ABILIETCH 
Hepa3paOoTaHHOCTh, B pAe cryuaen MOTHOe OTCYTCTBMe aHaIMTMyeckux MoreseH 
WI TpoekTupopanus MMC, | 

[lotrpoitka mM peryMpoBka MapaMeTpoB MMKpocxeM MUJUIMMeTpoBoro mMa- 
1a30Ha OKa3bIBajsTCA MpakKTM4eCKM HEBO3MOXHBIMM He TOJIbKO BCJIENCTBUe yYMeCHb- 
WeHMA PU3MIeECKMX pa3MepoB, HO Takxe pocta SICKTPOTMHAMMYeCKOrO B3aNMo- 
neucTausx semMeHtop MMC, utro mperpapiaer oco60 xecTKHe TpeOoBaHHs K 
TOUHOCTM VU HOCTOBepHOCTH Monenenw CAIIP u Kayectsy TeEXHONOMMM M3COTOBIe- 
HUA. | 

OUPENEJEHUS: MonouMTHO-HHTerpalbHas cxema - MMC CBY - apro- 
HOMHO€ @YHKUMOHAIbHOe YCTpOucTBO (MM “acTb ero), U3rOTOBIEHHOe Ha W30I1M- 
pOBaHHOM TIOMIOxKKe MO PpyMIOBOM TexXHONOTuM, B CHMHOM TexHONOrMyecKOM 
WMKIe. | : | 

['MOpunHo-vETerpaibHas cxema - TAC CBY, spmonnserca Takxe Ha 1130- 
IMpOBaHHOM MOWIOKKe, HO 3eCMeHTEI CXeMBI (MOKYIHBIe W3eIMA) ycTaHaBIMBa- 
IOTCH B CXCMY HaBECHBIM CIIOCOGOM. 

B ruOpvHO-MOHOMMTHOM "KBa3MMOHOJIMTHOM" CXeMe MCHOsIb3yIOTCA TeXHO- 
jlormyeckwe Tpvempr PMC wu MUC CBY, te. uacrh oemeHTos ycTaHaBlMBaerca 


HABECHBIM CIIOCOOoM. 
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B KayecTBe TIpMMepa MOHOJIMTHOM CXeMEI - MMHC CBY - mpencrapnexr 
BOJIHOBOMHO-ONOCKOBBIM GamaHcHBtit cmecutTenb (puc. 1) [2], Koroppm oT- 
WM4aeTCA OT THOPUTHO-MHTerpalbHOro JIMIb TEM, YTO NOMOCKOBaA WiaTa IMAM © 
MOABelUeHHOM WomOxKO BMecTe c Muonzamm JUBIL usroropmena B BuAC Mory- 
HPOBOTHUKOBOM IacTuHe! Ha Towyw3ornpyroulem GaAs. IbiactwHa BKOUcHa B 
BOJHOBOL BOCBMUMMILIMMETpOBOrTO AMaila3oHa. PHAnOUIHOe YCTPOMCTBO TIpuMe- 
HeHO B 3-MM JMara30He [3]. , : 

XoTI B 3apyOexHOM JIMTepaType Takue ycTpolicTBa Ha3bIBaloTca 
"MOHOJUTHBIMM', CKOpee WX CUEOBAIO Obl Ha3BaTb "KBa3HMOHOIMTHbIMM, TAK KaK 
-6e3 BOMHOBOHBIX BXONOB M 3aMbIKaTeIei CMECUTeIb PYHKUMOHMPOBaTbh HE MOXET. 

VispecrHhl BapwaHTbl MocTpoeHua OamaHcHbIx CMecuTeenw WM Ha OCHOBE 
BOJHOBONHO-IesveBbix manu BIJ wi xomoOnnauuu BU] c apyrumu THmamMu 
nun Nepenauw [4, 5]. 


Il. WEPEJAIONIME JIMA JG MMAC CBY 


B o6murem Bue CIpyKTypa MOHOJMTHOTO MORYILA ipesqcTaBLieTcH B BYITe 
KopTiyca, COMepxKallero HaCKObKO AMaTeKTPMYeCKMX TWIacTHH C YacTMYHOU MeTa- 
nusaiven. OTmenbuble oOacTH IWiacTMHbI WpeACTaBIAwT co6ol oTpe3KM JIMHUM 
llepelaun, CBA3aHHbIe MEXKAY COOOM TaibBaHWYeCcKM WIM IIeCKTPOMHaMUdecKn. B 
llenOoM TaKas! KOHCTpyKUMA MOXeT ObITh Ha3BaHa OOBCMHO-MHTCrpaibHbIM MOILy- 
JIeM. | 

[pu KoHKpetHOM peav3auMM MonyIa K wHHuM Tepenaua MMC CBHY cie- 
IyeT IpekbABUTb TpeOoBaHUA: 
muaia30H paSounx YacTOT MU WMpOKOMONOCHOCTS; 

BCIMUMHEI BOJHOBBIX COMPOTHBICHMM (MMalla30H U3MCHeHHA); 
3aMeIcHMe VU IMCIIepcus B ILOIOCe YacrTor; 
TlOroHHbIe MoTepu (3aTyxaHUe); 

- pacceBacmas MOLJHOCTH; 

- COBMECTMMOCTb aKTMBHbIX M MaCCMBHbIX SJICMCHTOB B COCTaBe OHO 
MMMUC; 

- cTemeHb MHTerpalnn; 
| - cTeleHb pa3pa6oTaHHOCTM UW, KaK CIeCTBMe, BOCIIPOM3BONMMOCTD TMapa- 
MeTPOB MOJLYJIA. 

UpumennuterbHo kK MUC MYUIIMeTpOBOro- mana30Ha BOJH HavOolIbirnMu 
WHTepec TIpeacTaBiaeT BBeJCHHbIM HaMM MapaMetTp - CTeneHb MATerpanuu MUC B 
coctrape Morya [8]. 

OveBuaHO, TO “TWIOTHOCTH ymakoBkKu" [6] WIA ycTpovicrB pa3HoTo jMatia- 
30Ha YaCTOT M yHKUMOHaIbHOTO Ha3HaveHHA cyllecTBeHHO pa3iIMuHBI. Cynie- 
CTBYIOT NPUHUMNMaIHBLe orpaHW4eHMA B CTelieHM WHTerpallM, OOYCIOBIICHHBIE B 
MepBylo OYepedb “MepeKpecTHBIMH UWckaxeHnuamn’ [7], MpoABIIONIMMHCA B ooyla- 
CT B3aMMOUelCTBHUA pactipeyleseHHO CBA3AHHBIX SIEMCHTOB MUKPOCXEM. 

B mpenpigyutmx pa6otax [8, 9] Ha OcHOBe pellleHua 3aadM oO paciipocTpane- 
HMM BOJIH B KBa3M T-npu6nmxeHunm BBOAMTCA MapamMetp - KoodduiMenT MHTerpa- 
uuu CBY monyia - Ku, ompenteneHHbm Kak YMCIIO KOMIIOHCHTOB, NPMXOWAIMXcs 
Ha CIMHMGHYO WWIOWMAatb TMODIOKKN: 


I 
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rye R = 0.3+0.5; c - cKopocrs csera; f - yacrota curHama: Exp ~ OPSCKTUBHAN IM- 
QIeKTpMyecKasl TIpOHMUAeMoctTs; ho ~ TOMUIMHA NODIOKKM. 

UpopeneHHaa OleHKa cTeleHH wHTerpalun mo dopmyse (1) moKa3prpaer, 
UTO YCTPOMCTBO B MOHOJIMTHO-VMHTeErpaibHOM UCHOUHeHHU MMeer Koaddbuunett 
MHTerpaliau rmpumMepHo B 10? pa3 Gonbuiui, vem ananorwuHoe CB4Y-ycrporvcrBso B 
THOpMTHO-MHTerpasibHOM MCIIOIHeEHMM. [lomaraem, yuTO MWC spnsaetca 3a- 
KOHUCHHBIM YCTPOMCTBOM, CIIPOCKTHPOBaHHbIM B COOTBeETCTBHM Cc TPMHUMIIOM 
@YHKUMOHAIbHOM MHTerpallMu, T.e. BCe AKTMBHbIC MW WaccMBHble 2IeMeHTbI CXeMbI 
BbINOUHCHbI B COCTaBe ONMHOL CTPYKTYPbl, a SICMCHTHI C pacripeyeNeHHbIMM Iapa- 
MeTpaMM ( 110 BO3MOXHOCTH) HcKIOYeHDI. Bce KOMMOHEHTEI CXCMBI M3TOTOBeHBI 
Ha OJHOM TOJYTPOBOMHUKOBOM TOMIOKKe B COOTBETCTBUM C IIPHHUMMIOM crpyK- 
TYPHOHW MUKPOMUMHMaTiopv3auMn |8). 

[[pakruyeckasn pea3alMa TIpHHiMiia BcTpevaer HanGoNbIIMe TpyMHOCTH B 
HM3KOUTaCTOTHBIX JWama3zsoHax, THe SIeCMeHTbI pactipesexeHHoro THMa UMerIOT HesO- 
ITYCTHMO OOJBINMEe pasMepbl, a HEKOTOPHIe SICMEHTHI COCpeMOTOYeHHOrO THMa xa- 
PakTCPH3YIOTCA HEBLICOKOM BROOPOTHOCTHIO. 

SamMeTHM B STON CBA3M, UTO XapakTepHBIe Wt TAC CBY croco6sr mospiite- 
HUY MATerpayMn MpvMeHuTerbHO K MMC oxa3prBaiorcs HeacbdbeKTVBHBIMH. 
Hanpumep, mopsiienve HUSIICKTPMYeCKOM MIpOHMIaeMOcTH TowIoxKU Wo 50+100 B 
WaCTHO-H30UpaTebHbIX YCTPOMCTBaX, MOOCHO-IIponycKalollux wIETpax, oKa3a- 
Och WeslecooOpa3sHbIM TONbKO B JMalla3ove OTHOCMTeIbHO HM3KUX uacroT. C 
YMCHBINCHMEM INMpWHb! TOJOCKOBLIX NPOBOXHUKOB VW PpOCTOM JDKOYNEBbIX TOTepb 
CYIICCTBEHHO CHIDKACTCA MOOPOTHOCTh M30MpaTesIbHbIX YCTPOMCTB. 

CormacHo qopmyje (1), ¢ MoBEIeHWemM muartazoHa paGbounx YACTOT, B 
WacTHOCTH IIpW MHepexoye K MVJUIMMCTPOBbIM BOJHAaM, KOSOuLMMeHT MHTerpalun 
pacTeT, XOTH 9Ta 3aBHCMMOCTb JIA OTICNbHBIX TMMOB Heperaronumx AMEN 1 pa3- 
HBIX PYHKUMOHAIbHBIX YCTPOMCTB MOXeT CYIIeCTBeHHO OTIWYUATBCA OT MpocTorw 
3aBMCUMOCTH (1). 7 

Iipu ananu3e u pacuere xapaktepuctuk MILI W HeEOTHOpoOuHOcTen B HX 
MOXHO MpOCKcRMTh Ba TpMHIUWTIMaIbHO pasHbIx MmoxxXoa. Coriacho TlepBomy 
MIWI paccmatpuparotca B KayecTBe MOJIM(pUKaUMi HM3KOUACTOTHBIX WewaTHo- 
TIOJIOCKOBBIX CX€M, B KOTOPEIX OTHOPOAHOE 3anlONHeHWe TMICEKTPUKOM 3aMeHeHO 
MHOLocIOMHOK crpyKTypou (prc. 2). pu stom MITI xapaxrepusyerca w3RecTHBl- 
MM WapaMeTpaMi: BOJHOBBIM COMpPOTMBIIeHHeM, opdeKTMBHOM WMoIeKTpMyecKol 
MpoHMiiaeMoctbio. HesxBHo mpemtomaraeTca, YTO OCHOBHOM THI BOMHbI, pactrpocr- 
PaHAIOMeca B IIMHMM, HEcylecTBeHHO oTIMYaeTcH oT craTMueckoro. Jlia HecuM- 
‘MetTpwuHon MII sro Kpa3u-T Boma [10, 11]. 

CormacHo JpyromMy Mopxony, mpeacrapnenHomy B pabotax B.M.Temuosa 
(12, 23], MIIJI cuenyer paccmarpupath Kak MOLMUKANMO JIMHMM OXHOIMpOBON- 
HOrO TUIla, B YacTHOCTM pebepHo (puc. 20), KoTOpad ABIAeTCH ONMHOUHOI Me- 
TALIMYECKOU MOMYMWIOCKOCTbIO, HAIOKCHHOM Ha TMOIeKTpMYeCKyIO TOMWIOAKy Ko- 
HeYHOM TOMMMHbI. OCHOBHat YacTh 9HEpruM pacipoctpaHsetca B BMC KpacBolt 
BOJIHbI, COCpeJOTOYEHHOM B OKpecTHOCTH peOpa. OxHonomocKopaa MITJI 6e3 me- 
TULIM3ANMM AHYDKHeEM MOBepxXHocTM NMomIoxKU [23] aABMsteTCH aHaOrOM M3BeECTHOM 
mau [y6o0, B KoTOpot sHeprua paciipocrpaHsercs B BUIe TOBepXHOCTHOM Bor- 
HB. 

I[puMeHeHve WByX MpoBoAUMx MomymocKocrelt, o6pasyloulux We eByto 
NWHVO (pic. 2B), MOSBOIIAeT MOBbICHTb IWIOTHOCTH 9HEpruv B OGacTU KpaeB Mpo- 
BONHUKOB. XapaKTepHO, 4TO WIA WeleBol, TakKe KaK WM KOIMaHapHolt WuHuM 
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(puc. 2r). B o6sacTH KOpOTKMX BOTH cormacHo paobote [23] oTiayaeT HeOOXOnH- 
MOCTb B 9KpaHupoBanun MITVI. 

OTMe4eHO, ITO B ieeBoM IMHMM Wf B KOIUIaHapHOM BOJTHOBOIE CYyINeCTByeT 
TBE CBA3aHHBIX KpaeBerx Bomb! [13]. Wp mMamsrx 3a30pax Mex Ty MpOBOHuKaMu 
yeTHat BOUHa MpakrTuyecku He Bo3sbyxaaetcn. Ip Oompunmx 3a30pax (Ooee ToON- 
WIWHbI WOWIOKKM) HYKHO YUIUTHIBATH OO€ BOJTHEL, Tipwuem pacupefenenue monel 
yeTHOrO. UW HeweTHOrTO THIIOB BONH cYylIecCTBeCHHO oTimmuaeTcH OT KBa3icTa~ 
Tuyeckoro. Kak MB ciydae BOJHOBOLa, BOAHOBOe conpoTuBreHue Zo = V/J yt- 
pauuBaeT HepBOHaVaNbHbIi CMBbICI, Tak Kak 3HaueHua V, J 3aBucaT oT MyTeH UH- 
Terpupopanua. 3Hayenun Zpy, Zys, Zp COBMakaloT C KBa3MCTATHYeCCKMM JIMUIb 
pu A->0o, T.e. pu a/A<< 1, mle a - XapakTepHbI pasMep KoOpHyca BOHOBOLA. 

OuveBuaqHO, UTO BLIOOp THIIa IMAM epezau B COCTaBe MOJIYILI 3aBMCHT He 
TONbKO OT ero (YHKIUMOHAIbHOTO Ha3HaveHMA, HO MW OT THIOB BOJIH, paciipoctpa- 
HAIOMMXCA B 3aaHHOM UMata3oHe YacTor. 

ITpopeylem OlleHKy BO3MOXHOCTH MCHOUb3OBaHMA M3BECTHBIX THITOB MUKpo- 
MONOCKOBBIX JIMHMM B KayvecTBe gtlemMeHTOB MMMC CBY. 

HenocraTku JMHUM OTKPbITOTO MW TIOJYOTKphIToro THNa: 3e¢pKabHOTO BOJI- 
HOBOa, 2%KeOGOKOBOM JIMHMM VM T.1., WIMpOKO MCIIONb3YeMbIX B KBa3MONTHUCCKOM 
muatia30He: Oobilloe MOrOHHOe 3aTyxXaHHe, eTO YYBCTBMTCIbHOCTb kK HeperyJLIpHo- 
CTAM TpakTa BCJIeNCTBMe M3IyaeHuA SHepIMu, HU3Kat WMHTerpalWs UW OTCYTCTBMe 
aHaIUTWMecKMX MOeleuw HeonHOpOyHOcTeH, - MemaloT HeyOBJIETBOPMTeJIBHbIMU 
TepCMeKTMBLI MX Vctiomb30BaHuis B MMMUC no kpaliHen Mepe 8 nuama30He YacTor 
no 100 TT. 

]inuresbHoe BpeMs skKpaHupoBanHasd METI HeCUMMeTpHUHOTO Tua Obluia 
TO CYLWeCTBY CHMHCTBCHHOM JIMHMeM, TIPMMeCHACMOM B MHTCrpayIbHBIx CX€MAaX CBY 
mmama30Ha. CormacHo ItepBoHataibHbIM WporHo3am [15], BepxHuM Wpewen MIA On- 
HocBsa3HErx MILE wa rouKolt mmareKTpuyecKolt MOLIOxKKe C HeOOIbUIMM € (KBapL{) 
ollpenemaetca WpumepHo Kak 60 [Tu Hatpnenume usMepeHua MOrOHHOTO 3aTyxa- 
Hust HecumMMetprimuHerx MIU nocrapunn stort TporHo3 ox comHeHne [22]. 

Iupoxoe npumMeHenve B POA nomyuMnM SskpaHMpoBaHHble BOJTHOBOTHO- 
WemeBble JMNM Tuna “PMH-avH _ HECOMHEHHbIe MpevMylfecTBa KOTO- 
pbIX JWI ycTpolicTs B rMOpuqHO-MHTerpasbHOM MCIOJHCHMM: WMpoKMM WMarla30H 
YaCTOT B OMHOMOJOBOM peXMMC, HH3KMe TIOPrOHHble NWOTepM, MpocToe BKTTOUeHUE 
HaBeCHBIX SJICEMCHTOB IIYHTMpYIollero THIMa - WewaloT MX He3aMeCHMMbIMU B WMaila- 
30He YacToTt MpumepHo yo 120 ITu. 

Henocrarku “dbwH-yrain" - HeBbICOKad CTeleHb WHTerpallMu MukpoayeMer- 
TOB, HeGoubioOe BAaMeMWIeCHMe MW 3HauMTebHan Wucrepcud. B KayecTBe HaripaBJL1o- 
eu TWactHub "“bwH-watH" OOSIYHO MCTIONb3yIOTCH TMSCKTPUKU C OTHOCHTCJIBHO 
‘Malol MMaieKTpuyeckolt mponMuaemocrsw: KBapu, MbC® (¢ = 2.4) u oveHb per- 
KO TIOMMKOp VM MOyH30NMpyouml apcenul ramima. CiekyeT OTMCTUTb, UYTO YHUT- 
naHapHpre BUI, 3a uckmioveHwem HeCMMMeTpMYHOrO THMAa (“aHTuIoNa') XapakTe- 
PUBYIOTCA XOPOILO MpopaSoTaHHbIMM MOMCILIMM M MeTOMaMM cucta [17]. 

CHIDKeHHe ToTepb B AManeKTpuKe HecummetpraHon MILI gocruraetcs rmpu 
UCTIOb30BaHMM JIMHMM c TomBemreHHol nommoxKon [18, 19]. NonroxKa cocTouT 
u3 2 WacTuH. XOTA pe3yIbTaTbl pacuera B WMTeparype [19] mprpenqeHbI c BBICOKOM 
TOUHOCTHIO (TO Eygq WoTpenmHocTh Menee 0.03 %), cielyeT UMeTb B BUNTY, YTO OHH 
nOyyeHb! Kak uw win oOprmmHon MITT B KBpasuctaTauecKom NMpMOnmKeHuu UM WLI 
-IOJIOCKOBOTO TIpOBOAHMKa HyIeBOM TomuMHbI. HegocraroK MILI c MOTBelueHHOU 
MOMTOKKOU - HU3Kat WpopaboTaHHocTh Mogenen CAIIP TrunmudHbrx HeoTHOponHo- 
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I. KOIMIAHAPHbIN BOJIHOBOJE - OCHOBA JLAA WPOEKTHPOBAHMA 
MMMAC CBY 


KoratapHast JIMA, B KOpilyce-KomanapHplt Bommospog-KB (puc. 21), 
TpeMioKeHa B OMpeeJIeGHHOM CMBIcIe KaK albrepHaTuBpa oOsrmHom MIVI Hecum- 
MeTpHYHOrTO Tua. | 

Cunraercsa, UTO BCE CHJIOBLIC JIMHUM, ACXOLAIMe OT LEHTpabHOl MoOCKH, 
3AMBIKAIOTCA Ha MpOBORHUKaX JIMUeBOM WoBepxHocTu. Tipu HanwonM HMKHEM 3a- 
3€MJICHHOM. MOBEPXHOCTM (Kopltyca MONYIA) B3AaMMOLeMcrBue HYOKHELO Kopiiyca c 
IlCHTpasbHOU TOJOCKOM TpakTM4ecKM OTCYTCTBYeT. | 

Iipu Hamunu pa3sHocTw nmoTreHimasoB MexTy KpainvMu MpoBoaHMKaMy, 
Bo3sbyxKLaeTCH WeTHBIM TH KoneO6aHui, UMerolmMit cTpyKTYpy IOJIA, CyLlecTBeHHO 
OTIM{AarOlllyiocA OT OCHOBHOTO Tula KoNebaHuH. Jbis NonaBnenua 4“eTHOTO THTIAa 
MOXY KpaviHuMu TIpOBOTHUKaMM ycTabaBIMBaercd MepeMBIYKU. | 

[lockompky B KOIUIaHapHOW WMH MWIOTHOCTA TOKa Ha Kpastx IPOBOTHUKOB 
H€CKOJIbKO OoNbIUe, YeM y oOnryHOM MII, norouHoe 3aryxanme KB moxerT mpe- 
BbuUuaTh 3aTyxaHve MII npu Onu3kux 3HaveHuAX pa3sMepoB M BeJIMUMHAX BOJIHO- 
BbIX COIPOTMBICHHI. | 

Hecmotps Ha ToT HesocTaTOK, a TaKKe Ha BepOATHOS yxyNIeHUe yCHOBMIt 
TeWIOOTBONa Ha Koptiyc TpwOopa, KomlanapHEl BOMHOBO paccMaTpMBaeTCH KaK 
HaMooulee TepcneKTMBHBIN BU Mepezalowen mm win MMUC CBU. Ipocrsie 8 
KOHCTPyYKTHBHOM OTHOLeHMM Mepexonp oT KB k o6sranprm MIDI u Bonnosponam, 
YHMIMIaHapHoe pacilonoOKeHWe HABECHbIX BICMCHTOB Ha AMHeCBOM TIOBepXHOCTH, 
MCKIOUAaIOMee CHOKHLIC BHYTPEHHMe coesMHCHMA (CKBO3HbIC OTBEpCTUA) u Obec- 
MeYMBalolllee TOBBILUCHMe CTeTIeHH MHTerpalMi MOIS, Maras wucnepcus mapa- 
METPOB E,9q HM Zo CO3MAIOT MPeMMOChUIKM JIA CO3TaHUA LIM POKONOIOCHEIX yor- 
POMCTB B WMata3zo0He uacroTt no 120 TTn. 

AHaMTM4eCcKast MOJ¢Ib CHMMeTPHWYHOM KOIUIanHapHolt Muu Ha mosBe- 
IWCHHOM MWOWIOKKe pa3spaboTana B KBa3M T-rpwOmmKeHuM Ha ocHOBe MeToOa 
yacTMuHpx emKkoctelt [19, 20] (puc. 3). Hywxusas miactuHa xapakTepu3yetca Oonee 
HM3KOM TMOIeKTpMVyecKOM TIpOHMLaeMOCTbIO TO cpaBHeHMo c BepXHeM JIMLIeBON 
TWLacTMHOM. | 

B MMMUC CBY sepxnas nmiactuHa, HalpuMep, Momryu30mMpyroulero apce- 
HMa Trauma, TOHKat WM xXpymkaa, Tomu~MHoM 100+150 mkm. Hywxuas miactuua, 
HanpuMep, KBaplleBad, YBCIMIMBaeT MexaHMyeckylo NpouHocth MMUC. 

CylelyeT MMeTb B BUY, TO ONM3KOe pactioroxXenve HHKNeEM MeTAUIM3upo- 
BaHHOM MOBEPpXHOCTU MOXeT Co3LaTb YCNOBUA JIT pactipocrpaHeHusa KBa3u T-Bom- 
Hbl, XapakTepHou Win oObrsHOK MII, uro MoxeT MociyxXuTb IpwuvMHON MHTep- 
(bepeHUMM BOIH BHYTPH MOY. 

PaccMOTpeHbI pa3Hbic BapHaHTbl BbIMOIHCHHA HYOKHeM MOWIOXKKM: Wilactuna 

“C HeOOJbIIMM €, 3aTlOHeHHe BO3TYXOM C JIOKaJIbHbIM 3aKpeIvieHiWeM BepXHelM TIa- 
THHbI, a TaKKE BO3SMOXHOCTH HapallMBaHUuA OTHOPOTHONM IWICHKU apceHma rau 
Ha TlacTuHe BbICOKOOMHOLO KpeMHHA. , 

CoracHo IIpMBeqeHHbIM 3aBMCMMOCTSM (pu. 4a, 6) pw W3MeHeHMM Be- 
JIMYMHbI 3a30pa S B IMpoKHx ripenzemax (W = 80-100 mMkm) BorHOBOe COMmpoTuBie- 
Hie W3MeHseTca B Mpememax 30+100 Om, 4ro orBeyaeT TpeOoBpanusm K MMMUC. 
CormacHo 3aBHCMMocTH, peyctaprenHoli Ha puc. 5, WIA acumMMetpuuHoro KB 
MMeecTCH BO3MOXHOCTH NponmopuMonaNbHOrTO W3MepeHMsA pa3smMepos W xu S pn co- 
XpaHCHWM TMOCTOAHHSIM BOJHOBOFO COMPOTHBIICHUA JHMM, AUTO pacliimpseT BO3- 

- MoxHOCcTH co3sranua MMUC cnoxnol tomonormueckol crpyktypbl. YMeHbuleHve 
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“amdbekta OM380CTH OOKOBBIX CTCHOK KOpltyca BOJIHOBOTAa NOCTULAcT Cs cooTBeT- 
oeyonen BbIOOPOM BeJIMYHMHA! 3a30pa 8 > 2Wo. 


Horonnoe 3aTyxanne MMRMC CBY 


3HayeHve TIOTOHHOTO 3aTyXaHMs B WaccuMBHBIX omemeHtax MMC omnpeness- 
HOTCH KaK CYMMa [loTepb B MeTaJUIM3allan (B MpoBOHUKAaX), B WUSIeKTpuKe (B 
NOWIOKKaX) MW Ha WBITyaeHMe B CBOOOTHOE TpocTpaHcTBo. 

Ha puc. 6 mpelcraBieHbl YacTOTHble 3aBucuMocru Toteph B MIT uw imu 
C TIOTBCIICHHOM NOAIOKKOM B WMalla3zone 30+100 Ti np BONHOBOM Coney: 
Huu 50 Om. Pe3ynprarer OKCIEPUMCHTAIIbHbie MW TEOPeCTHAECKUE. 

Kpusas (1) - pesymprar pacueta MITE [18] meronom PI[-TLM xkoneyHo- 
pa3HOCTHbIM WI MaTpMb Wepenatuien saan. Kpupas 2) - pesyIbTaT pacyeTa 
id wnentuuson MIU mo Marepvanam paobotp [11] npu se = 12.7; H = 0.1 mu; W 


= 0.07 mm; tgs = 210°, rommuna mpoposHuKka 3 MKM. PacueT mpoBomics rio 
MolMuduLMpoBpanHow Monemm MMMC na noryusommpoRaHHom GaAs. 

Kpnupas (3) nonyyeHa MO pe3sylbTaTaM cueTa c IIPMMeHeHHeM TporpamMMbl 
SUPERCOMPACT bro xe MIDI B auanasone uacror 10+40 Thu. 

JlaHHble SKCIICPHMeCHTa ABTOPOB XOPOLIO COTlacyloTCA c pe3syIbTaTaMu pa- 
bots [11] wu KpuBon (3). Kpuppie, paccuvTaHHble aBTopaMH, COOTBETCTBYIOT MoTe~ 
paAM MeTamu3annM (4), momHbImM notepamM (5) u tTlomHbie noTepu mia MIVI c mog- 
noxkoli i-GaAs, o6paSoranHon mo 14-my kKulaccy (BeICoTa MUKpOHa POBHOcTen - 
0.006 MKM). Kpupas (6). Onmume pesybTaTOB OT HaHHbIX padotp [11] B quana- 
30He uacroTt no 100 FT He Gonee 10 %. 

CyrehyeT OTMCTHTb 3HAUMTCIBHOeC pacxOXKMTeHvMe MOXY CipaBOUHbIMH aH- 
HbIMM B YacTHOcTH [10] u pe3ynbTaTaMMu SKCHepMMeHTa, YTO OOYCHOBNeEHO HealeK- 
BaTHOCTbIO pacdeTHBIX MOJIe eH IBYCHOMUHOM CTpYKTypbl peastbHbIM CTPYKTypaM 
MMMC. 

XapakTepHo, TC BCe 3ABMCMMOCTH CYLIECTBeEHHOM OTIMYAIOTCA OT rIporHo- 
3upyemolt dbyHkunn kf'/? [21]. B quama30He BEICOKMX YACTOT 3ABMCMMOCTM COOTBET- 
CTBYIOT JIMHeMHOM PyHKuUMM Buna kf+a [22]. 

Ilo pe3yibTaraM pacueTa MH Cc MOPBeIIeCHHOM MOMIOXKKON B TpexMiwii- 
MeTPOBOM JMatla30He CHelyeT OXULaTD CHYDKeHMe NOTOHHOTO 3aTyxXaHHA B 2+3 pa- 
3a. 


Mommocts, paccennaemas MMIUC 


IJoka3aHo, YTO BeIMUMHa MaKCMUMaJIbHOM pacceM“BaeMOH B HeIIpepbIBHOM 
P@eKVMe MOLIHOCTH CBx3aHa C TapaMeTpaMM MaTepHasia MpOCTBIM COOTHOLMICHMEM: 


Fix pace “= An AT... (2) 
| C Ke Teme 

roe k = 0.24 xan/Jbx, A, - KOSPOMUMMEHT TeMIOMpOBOTHOCTH CTPyKTYpbI, & - MM9- 
HAeKTpWdecKast IIpPOHMMaeMoctTh, C - EMKOCTb CTPYKTYPHI, Tinax non = Leoocrs - Lo - 
Tiepellak TemMilepatyp OT TeMIiepaTypbl, OM3KOM K COOCTBeEHHOM TIPOBOAMMOCTH 
T coders, HO TEMMepaTypbl oKpyxalollen cpempt - Tp = 300 °K. 

BuqHO, YTO OTHOILCHME Prax pacc/C ABILIETCA YHUBEPCabHbIM jrapaMeTpoM, 
He 3aBUCAIMM OT pa3MepoB UM (POpMbI CTPyKTYPH!, OMpesesHeMbIM TOJIbKO KOH- 
CTaHTaMM MaTepHasa. 
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Benmumna oddextuByolt emxocra MMMC ( a takxe TpaH3ncropon, mMo- 
OB) © POCTOM ¥YacTOTEI YMeHbIaeTca mpumepHo mo 3aKkony kf'/? szorycrumoe 
SHAYCHUEe MOULHOCTH M3MeHAeTCH TakxKe B COOTBETCTBMM c 3TOM dbyHKuUMel. Co- 
racHo (2) MMUC na GaAs uMetor cylltecrBeHuble mpemMyliecrsa tlepea KpemHn- 
epbiMid MMC takxe m0 MOLUIHOCTHO-TeMrepatypHbIM XapakTepucTuKamM. 


IV. TEXHOJIOT'HUECKRE OCOBEHHOCTH CO3JAHMA MMAC CBU 


B Hactosmree BpemMa 3a pyOexom apceHun TUM paccmarpupaetca dbak- 
THYECKM Bb KavecTRBE CIMHCTBCHHOrO nepcenextupidkemarepuata WU MpoM3sBocTBa 
MMHC CBU. Ocrosunte tpe6opanus K MaTepuary HomoxKu MUC: 
| ~ MaJible ToTepu, olpedesaemble BesMmuNHon ted J16; 

- BbICOKOe 3HAYeCHHe €, ONpeeAollee JMHEMHbIe pasMepbl CXeMbI MW cTe- 
NeHb MHTerpalluy; | 

~ OoNbIad TEMONPOBOTHOCT; 

- COOTBeTCTBMe TeMIepaTypHoro KoomvUMeHTa JMHelHOro paciimpenua 
NOWIOKeK W HalTbVlCHHbIX Ha HAX TWICHOK; : 

- YCTOMYMBOCTh K M€XaHWUecKHM BOSLeCHCTBMSM: 

- HA3Kax CTOMMOCTD. 

CpaBHeHve SJICKTpOdu3MyecKUX XapakTepMCTUK TOyH30RMpylollero apce- 
Hila TasvIMA, HalIpwMep, C KBaplleM ToOKa3bIBaeT, UTO apceHugy Tawa ycrymaer 
TOLBKO NO BeIMUMHe TMOTeKTpMyeckUux ToTepb. TeruronmpopoyHocrs apcenuma ras- 
NMA BbINe, YeM y KBaplia B 4+7 pas, Mo TemnepaTypHOMy KoopDuUMeHTy JaHeN- 
HOrO pacliMpeHUs apceHM TaUIMA 3HaUMTeIbHO OMOKe K MeTAaJLIaM, MCiIOb3ye- 
MbIM IIpu cosqanuu MHC. Takum o6pa30m, mpuBeleHHble pacueTHbie WaHHble 1 
pe3syMbTaTbI SKCIICPHMeHTa ,CBMNETEIPCTBYIOT O Uenecooopa3Hectu WiMpoKorTo Hc- 


POE BET , — 
MlOIb30BaHMA apceHvya ramiaaiviis tosmanua MMMC p qmana3z0He mIMH BOTH 
3-8 MM. 


B padore [24] wsyaeno BiuaHue WMOTHOCTH JMCcnOKaliM@i B apceHMa-ramuime- 
BOM MOMIOx*XKe Ha pa3sdpoc mapamMeTrpoB upr6opos. Jbia co3smanua MUC vw ocx- 
PeTHBIX IpHOopos Ha GaAs cunTaetcs. TepcneKTUBHBIM Matepuval 1-GaAs c mIOT- 
HOCTbIO WMcTOKaliMu He Gomee (1+5):10° cm. TpeGopaune IWIOCKOMapasVICJIBHOCTH 
NOMIOKeK pv Ux Tome 80+100 mMkm He xyxe 5 MKM JUIA [MamMetpa MlacTMHel 
40 uM. 

K McxoHOMy MaTepMasly ClleqyeT MpexbABUTh TakKxKe Tpe6oBaHua TO yaesb- 
HOMY COMPOTMBIIeHHIO. OHO TOIDKHO GpiTh He MeHee 10°10’ Om cm, MoBepxHocrT- 
bes cOMpOTHBIIeHHe 10°+10° Om/cm” mocne npoBezeHus TecTa Mo TepMoo6pa6orke. 

amare OydepHont cucTeMbI Wit Mocwenyromero (OpMMpoBaHMsA AKTMBHOTO CIION, 
CHIDKaOllen scbdekT OOpaTHoro yipaBNeHve semMeHtamu MUC ne meuee, vem B 
20) pa3 lo cpaBHeHi10 Cc OOBIUHBIM 6ycbepHBIM cioeM Ha n-GaAs. 

Pesymprarer peamm3anun MMMC noxasbrpator, uro TpakviiMoHHad TexHoso- 
rua POpMMpOBaHUA CyOMUKPOHHEIX TpaH3MCTOPHBIX CTpyKTyp XOpoMo UcromE3y- 
eTCH TOIbKO B Malia3soHe yacror HYKe 60 [Tu. Tepexon k crpyKTypam c ZByMmep- 
HBIM SCKTPOHHBIM Ta30M Ml rereponepexoyom AlGaAs/IGaAs uM CooTBeTCTBeEHHO K 
HEMT -trexHoyoruu no3BoruMr MospicuTs paboumit muarason MMMUC no 100 TTu. 
‘BaxkHeliev cocTraBAmoOllei TeXHOJOrMM ABIAeETCH CO3TAaHMeE 3ATBOPHBIX 3IEKTPO- 
HOB c DIHHOM 0.1+0.15 Mkm uc yBerMYeHHON MiowaqbIO MonepeyHoro ceveHus. 
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V. 3AKJIOUEHME 


CoxpalleHve OOOpOHHBIX 3aKa30B B CIITA npumepno B 3-4 pa3a 3a TeKYLIMe 
6 eT He MOrIo He CKa3aTbest Ha OOBeMe BHIMyCKa MOHONMTHEIX cxeM. Ilpouspor- 
CTBCHHBIC MOUIHOCTH IIo apceHuay rami B 1994 rony cocTaBHIM JIMIIb 9400 
TMOMMOB B KBalIpaTe, UTO CooTBeTCcTBycT 46 % oT MporHo3supyeMoro ypoBHA. 

XOTH 3aBbILUCHHbIM TporHo3 Ilo OObeMy M COBePIUeHCTBOBaHulO TEXHOJOrMU 
TIPOM3BONCTBAa B LIGJIOM He Olpabsayicd, 9TO He O3HadaeT CBEPTbIBAHUA JOJTOBpe- 
MCHHBIX TEXHOMOMMYeCKUX TIporpamM [25]. | 

BepostHo, To Woche Wepvona crabviM3alMu, YCTOMUMBO KOHCepBaTHMBHOTO 

cocrosHua pprnka MUC CBY, nacrymur mepvon pocta UccieOBaTeIbCKUX padboT 
wu mpon3ssnonctsaa MMC Ha HOBOM KOHCTPYKTHBHO-TeXHOJICIMYCCKOM YPOBHEe B 
oGecriedeHve HAUMOHAJIbHBIX [IPOrpaMM adpOKOCMMYECCKKX MCCIeOBaHUhH. 
——s- TJo pesympraraM MpopexeHHoro avamnga pa3spaooTaHa cxeMa TIPHe€MHOTO MO- 
Hyd TPEXMWMUIMMeTpoOBOrO AMala3z0Ha BOJH. CreyeT OAHaKO TIpW3HaTb, UTO MHO- 
re TIpHkKnamubie U :byHitaMeHTabuble Borpochr co3smanua MMUMC CBY un B tep- 
BYIO OYePeIb CO3TAHMe PACUeTHBIX aHANUTMYeCKUX MOseeu, MpeycTapiverca Ham 
HeOcTaTOuHO MCcHeqOBaHHBIMH. | 
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The state of the MMICs research and development are considered. On the base of the defined principles for MMIC design the 
optimum transmission line types and designs for the 3.6 and 8 - mm wavelengths are chosen. The analysis and computation of the 
main electrical parameters, such as impedance, attenuation, losses in a wide band of frequences is given. The technological 


_ peculiarities for MMIC components production and development are considered. The produced devices are designed for 
radiosystems of the commercial equipment. | 
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@®YHKUMOHAJIBHAS TEXHOJIOTMUECKAA WATETPAUMA B 
MMUKPOBOJIHOBOM ONTOSJIEKTPOHMKE 


Cynayykos K.C., AO HITT “Catypu” 
OcuucKui B.W., Mucrutyr kuOepHerukn um. B.M. Tsryurkosa 
M.E.Mpyenko, HanmonanbHuh TexHuueckuii yHUBepcuTerT 


A.A.Mepxsunckui, Anctutyr ku6epHetuku um. B.M. Toryutkopa 
A.A. Bopoupko A.A. AO HITIT “Catrypn” 


| AHHOTaWMA 

_Paccmatpwpairca nwpodsembl cHATMa (pusM4ueCKMX orpaHwyueHui UuH- 
(opMalMOHHOH MpolycKHOl crococoOHOCTH KaHayioB CBA3M IIpMMeHeHeM 
BOJOKOHHO-ONTHYCCKMX JIMHMM Mera- M rura6uTHOrO AMara30HoB. IIpoperen anann3 
TpaHW4YHbIxX CKOpocTei MOIYIALMM Pa3sIMUHBbIX CTpyKTyp 4W3lyyaTeen, 
(POTOIIPHEMHUKOB M UX MHTerpallMM CO cCxeMaMM Ha OcHOBe coenMHeHuit A3B5-u Si. 
II[pusonarca wapamerpsr M XapakTepHCcTHKM pa3paOoTaHHbIX KOMIUICKTOB 
MHTeYpastbHBIX TIPHeCMHBIX MU WepesaloulMx YCTpOlcTB Ha JUIMHEI BOTH 1,3 uw 1,55 MKmM 
au ckopoctu 155 Mour/cexk wu 1,1 T6Out/cex. OcHosynim ycnoBnem JOcTMKeHUs 
CBCXBbICOKUX CKOpPOCTeH ABIINIOTCH dyHKUMOHaIbHad vu TeXHOJOrTMYeCcKaA 
MHTerpallMaA  WasepHbIX,  COTOIpHeMHbIX WM TpaH3MCTOPHBIX MMKPOCTPyKTYp. 
[loka3aHbI OcOOeHHOCTH MHTerpasibHbIxX TeXHONOTMH IIa yBerM4eHua CKOpOcTeii 10 
10 Tont/cexk vu BprMe. 


BpeneHne 


Mcronb30BaHve palvo-yacroTHOrO AWMatla30Ha JIA TeeKOMMYHMKalluit MMeeT 
CyIIe€CTBeHHOe OrpanwyeHMe - jedbuunT woroc padounx 4acTOT, MCIIONb3OBaHHeE 
KOTOpOrO oOfipezesserca pekomeHaauuamMu IKKR. Handonee pajmkKasrbHoe 
pellieHue - Wepexoq K ACIIONb3IOBAHMIO OIITMYeCKOTO JWama30Ha, B YacTHOCTH, 
ONTMYeCKNe BOJIOKOHHBIe JIMHHM CcBA3M (BOJIC) mMera- m rura6uTHOoro WMatla30HOB. 

ba3soBbIMM 9JIEMeCHTaMM WIA MOcTpoeHus BOJIC, ocyilecTByisiollMMn 
IpeoOpas0BaHHe SeKTPHYeCKMX MMITYIbCOB CTaHapTHbIX ypoBHelt (Halpumep, OCI) 
B ONTMYeCKMe M HaObopcT ABIAIOTCA TepesqaTauKU wu IpHemuukn BOJIC. Onn pxonat 
B COCTaB OKOHCUHBIX WM JIMHEMHbIX YCTPOHCTB, MYNbTMIICKCOPOB WM KPOCCOBBIX 
KOMMYTapOB CKOPOCTHBIX KaHajiOB TeyIEKOMMYHMKalMOHHBIX Cpe. | 
7ipyraa wupokad oOmactb pumMeHeHua BOJIC - aia mepezayM WaHHbIX MeXxILy 
YCTpOMCTBaMM WIM y3iaMv OpicrpoyelictByroumMx OBM wu gzpyrux wucdopMaliMoHHBix 
cpejcTB. Iipeumyuectso BOJIC - Oombuiad o1eKTpOMarHUTHad MOMeXOyYCTOM4MBOCTS, 
BO3MOXHOCTb YMCHbINMTb KONMYECTBO COTIaCOBaHHbIX SICKTPMYeCKUX JIMHMM CBA3N, 
a TIpH CHWKeHMU pabounx TOKOB M3IydaTela ( HO 3HaveHMii MeHbUIMXx TlopanKa 50 
MA) WOCTUraioTcaA M yale SHepreTMUeECKHe NOKazaTeIIN. 

IjopbiieHve CKOpoOcTH TepeqauM IPH 3aaHHbIX f[lapamerTpax tpvemo- 
epewawuleroO TpakTa OfpeyesaeT IMpOMOpiMOHabHOe YMeHbINeHve 9HEprHn, 
3aTpauuBaeMON Ha Mepeyayy 1 OvTa MU COOTBETCTBeEHHO MaKCMMaJIbHO JIOIMyCTUMBIe 
SHaveHWA =eMKOCTeM KM WHAYKTMBHOCTeH 9JIEMeHTOB 9dJIeKTpMYeECKOM  Ilerm. 
HeoOxoMMbBIM yCIOBMeM JOCTHKeHNA CBEPXBbICOKUX CKOpPOCTel sABIAeTCH 
(PYHKUMOHAIbHad WM TeXHOJIOIMYeCKad WMHTerpallMa aKTMBHBIX MM WacCMBHBIXx 
SIeMCHTOB. B HacTosuleh padoTe paccMaTpMBaIOTCH BOSHUKaIOUIMe Ha CBEpXBbICOKMX 
yacTOTax TIpoOIeMbl B3aMMOReCHMCTBUA Wa3epHbIX M (POTOTIPUeCMHBbIX ZICMCHTOB C 
MUKPOCcTpykTypamMu = tepeyjaioumx (IIOM) uw mpvemuprx monyiei (ITPOM) na 
OCHOBe KPpeMHUA MW reTepoctpykTyp coequHeHui A; B;. OcHOBHbIe PyYHKIUMOHAJIbHBIC 
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KOMIIOHEHTBI TIpOM3BORMMBIX CeronHA TlepelaTanKOB “i HDNEMIKOE IIPMBEJICHbI B 
Taommuie |. 


DyHKUMONAIHaA WM TEXHOMOTHYECKad MHTeTpalusaA BOAOKOHHO-ONTHUeCKMX MOLY eH 
- IIPHHUANMANDHbI WyTh MoBbineHnua OpictpoxeitcTaua BOJIC. 


Han6onee HepClieKTHBHbIMM MaTeplasiaMu UIA MHTerpasibHou 
ONTOSNEKTPOHMKU ABIISIOTCA MHOTOKOMNOHEHTHbIC MOMYMPOBOTHMKM B CHCTCMC 
GalnAsP, Tak KaK Mx cocTaB (COOTBCTCTBeHHO Ae 4M A) MOXKHO OHOBPCMeCHHO 
BapMpoBaTb B WMPOKOM [Mala30He MU Tp STOM TOyYaTb MAHMMAJIbHbIM WapMeTp 
paccormacOBaHusl MeXIty TeTepOSMIMTAKCHaIbHBIMM COAMM M IOWIOKKON ( Aa/a ~ 
10~3 -10-4). SroT MeTO, W3BeCTHBIM Kak 30HHAaA MWDKCHCPNA, MO3BOJIACT CO3TABaTb 
Ha ORHOM WIACTMHe CaMble pa3sHoOOOpasHble OFITOSJIEKTPOHHbIe UM SIEKTPOHHBIC 
IpHOGOPhI, ONTHMM3MpOBaHHble TO cOCcTaBy M CIpyKTyPHOMY COBeplIeHCTBy IIA 
BbINIONHEHUA TpeOyeMbIX MYHKUMK. 

TakuM o0pa30M, CYINIeCTByeT BO3MOXHOCTb peaJIM30BaTb Ha OHOM 

KpUcTaJuie IpMeMHbIN MOJyJb, NepedalouiuM WIM Waxke TpaHCcuBep. 
Jit KOHTpONA MW CTAOVIM3ANNN VW3IyIeHHA TO WIMHe BOJIHbI, MHTCHCHBHOCTM Ul 
paciipezesIeHHI0 MOI [IOJIYIPOBOTHUKOBBIX vsiryuaTenen UCTIONIb3VeTCA 
(borompveMHnK. Pa3smemenwe WaHHoro (bOTOIIpHeMHMKa B HellocpeyCTbBCHHOM 
61IM30CTH. OT MCTOUHWMKAa W3MepeHusH oObecricuMBaeceT ABHbIC IIPeMMyIeCcTBa B 
OTHOWCHMM CTOMMOCTU, rabapMTHBIX pa3sMepoOB WM HasexKHOCTH MO CpaBHeHHIo C 
AHAaNOTHYHbIMM YCTPOWCTBAaMM Ha OCHOBE JIMCKpeTHBIX 9IeMeHTOB. [1p 3THOM MOXHO 
BLIICIMTb TAKE OCHOBHbIC TpeOoBaHMA, MpebABIACMBIK K CBETOTMOLY: 

~ CIHeKTpasibHar YYBCTBUTEJIbHOCTb HOJDKHa COOTBETCTBOBATh CHe€KTpy 
A3IYICHHA ACTOUHUKA; 

- 3HaveHMe KBAHTOBOM 9*MeKTMBHOCTH VM YPOBeHb LlyMa B 3TOM Cilydae UMCIOT 
BTOPOCTeMeHHOe 3HAVeHNe U3-3a OUM3KOTO pachHouOKeHUA UCTOYHMKA U3IyYIeHHA Vi 
oTOMpneMHukKa. 

Jina craOwim3alMv BbIXOMHBIX XapaKTepHCTMK Jla3epHOTO § M3ylyuaTenAa 
(POTOZMOE pacnoyoxeH B WelmM oOpaTHOM cBaA3H, Te BapbMpySTCH SHaYeHWe TOKa - 
WEDKECKIMM Jia3epa M ero TeMTIepaTypon. | , 

Jita ONHOMONOBbIX cCHCTemM fepezaym HeoOxoaWMa OHOBpeMeHHar 
cTaGWIM3allMH TWO MOLIHOCTM W3TyYYeHMA WM WWIMHe BOUHbI, TaK Kak TIPM yBeIMYCHHH 
MOIIHOCTH TOKa HaKauKW WIA WOCTMKeHMA HeEOOXOMMOM MOLIHOCTH U3lyIeHuA 
MOX€T VM3MCHHTLCH IIMHa BONE! - OyzeT HeoOxoywMa KOppeKIIMA padouen 
TeMIIepaTypHI Jiasepa. 
| Jina o6ecneyweHua KOHTPONA WM CTAaOMIM3AaNMU MO B OMHOMOOBBIX JIa3CPHbIX 
CMCTeMaXx TICpCleKTHBeH JBYXUBeTHbIM (OTOMpPHeMHUK, KOTOPHIM MO3BOAeT 3a CUCT 
W3MepeHUA OTHOLeHMA CHTHAOB JByX CPOTOAMONOB MOyaMTb paspellleHve 2 HM, ATO 
BIONHE JLOCTATOUHO WIA (MKCaLMH MO B OJHOMOOBOM Jra3epe. JIint yMeHbIeHuA 
WIyMa,  TOBbIMeHUA ObICTpOelicTBMua, HaexXHOCTH TIpMeMHOTO MOJyIA NepBbin 
KacKall ycuneHua M doTomMosx HeoOxoquMO pa3MecTHTh B OMHOM kKpuctane. JbiA 
rozyuenua HeoOxonMMoro kKosulwenTa ycwuieHHA cporoToKa KOHIICHTpallna 
HOCMTeNeM B KaHase MONeBOrTO TPaH3NcTOpa FOJOKHA ObITb ~ 10)” cw? , aero TOWLMHAa 
200-500 HM. B To xe BpemaA WIA oObecriedeHHA BbICOKOTO KBaHTOBOTO BbIxoa 
TOMMMHa O6acTu MpocrpaHcTBeHHoOro 3apala doToMMOoya WoWHKHa_OpiTh 2-4 MKM, | 
WWI Yero HeOOxOAMMa KOHICHTpallMA CBOOONHBIX IJICEKTPOHOB 10° cm”? . B 9Tom 
COCTOUT OCHOBHOe TMpoTuBOpeuve B TpeOOBaHWAX, MpPeXbABIIACMBIX K MCXOMHOMY 
MaTepwally JWIt TMX mByx upHoopos. UToObi ero ImtpeoworweTb, KOHCTpyMpyloT 
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HelmlaHapHble IpMOopbl, B KOTOPbIX TIpeAYCMIMTeIb Ha TOUWEBOM TpaH3HcTope 
pa3MelilaeTcCa Ha OHOM ypOBHe, a p-i-n-CoTowMoL - Ha Wpyrom. 

B CBeEpXCKOpOCTHBIX YyCTPOMCTBaX CBA3H OObIMHO) UCTIONBSyIOTCH n+InP- 
ninGaAsP-iIn GaAsP-pInGa AsP p+ InP, cBeton3ryuaioume muon (CUI) nu na3eppt 
(JID ) u3snyyatoume Ha wimax BonH 1,3 unm 1,55 mMxkM. TetepocrpyKktypb! o6bTHHO 
nomyaarorcs MeroxamMu MOC-runapunHon, MJID wi xKMaKOda3HON STMTaKcHnN. 

[I[po6memMa oTBORa Tera OT W3yYaTeIA pH d9KcWIyarauMu BOJIC pemaertca 
IyTeM MHTerpalMu Wa UW MMKpOXONOMIbHUKa, paboTalollero Ha sdcpekte Ilenpree. 
Oyu vcnom3yiotcn B BOJIC, paccunTanHprx Ha WIMHHbIe AWMHMM Cc OouDbIIMM 
3aTyxaHvMeM. YiipaBleHve MMKPOXOJIONWIIBHMKOM OCYIIeCCTBIIACTCH Ha OCHOBaHUN 
CHTHAJIOB CIleltMaibHO yCTaHaBIMBaeMOTO jaTYMKa Temmepatyppl. Jia KoOporKux 
JMHUM C MayIbIM 3aTYXAHUCM HM UYBCTBUTCJIbHbIM IIPHCMHMKOM yiIpomlenHe 
KOHCTPyKIMM MOXeT OBITh HOCTMTHYTO pa3paOo0TKON a3epOB C MaJIbIM IOPpOroBbIM 
TOKOM (MIM MaJIOMOINHbIX CBCTOXMOTHBIX M3NIyYaTeren) MW WocaaKolw uta Ha 
TETMIONPOBOTAMICe OCHOBAHME C MaJIbIM TeTVIOBbIM COIIPOTHBIICHMeM. | 
| Jia MOJIYIAUMM  W3yuaTeyew MCHONb3yIOTCH KPeMHMeBbIe MOHOMTHHIC 
MHTerpasibHble cxembl (MMC) gpaiisepos B yuana30He yo 800 Mbit/s u GaAs unm 
InP/InGaAsP (MUC) aa Oonee BEICOKMX CKOpocTeH. CraHyapTHble cTpyKtyppr JU] 
qollyckayot Mogynaumio no ~ 10 GHz wu CHL no 700 MHz. Ho cnemmanpunte 
KBaHTOBOpa3MepHbie TPCXICKTPOJHbIe CTPYKTYpbl CBeETOMOROB KM ja3epos, 
Ha3bIBaeMbIe JIeMCTOpaMM UW Wa3vcTropaMuM MOTyT MOyIMpoBaTbcsn yo 100 ITy 
(ur. 1). 

OOBIYHO MCIONb3yeMbIe p-i-n-COTONpMeMHUKU CO3LaloTCA Ha reTepocTpyKTypax 
nt+InP-ninGaAs-iInGaAs-pInP, momyaaembix MOJICKYIAPHO- myyeBonw, MOC- 
TUIPHAHOK WIM KMaKOa3HoN oMMTakcveH Cc MocnelyIomew HU3KO- “TemilepatTypHoHi 
mMddy3ven WAHKa B OTKPbITOM CHCTeMe. 

Bui6op cmoco60oB WM TexHOOrMM WHTerpalMu w3ryuarerei co cxeMaMu 
WpanBepoB, TakKoKe Kak QOTOIMpWeMHMKOB CO CXeMaMH ycuyIeHHua w opmMupoBaHuA 
JIOTHYCCKMX YPOBHEH Ollpeylew#eTCA 3HAaYeHMAMM CKOpOcTeh Nepexauu. 

Aya cxopocreh 0 700 Mbit/s Bo3MoxHa wHTerpayna A3B5 c KpemHvem 
MeTO]aMU TeTepo- UW CeeKTHBHOM sMTaKcun [2}. 

B  ruraOvTHOM AMana30He Oojfee MepcieKTHBHa MHTerpaliMaA NasepoB u 
cboTonpvemMHuKos c HBT- mMuKkpoctpyKtypamMu, KoTopbie opmupyrotca MOCVD u 
MBE tmpomeccamu ( Puc. _ ). 

HawOonee  cyllecrBeHHbIMM (baKkTopaMM, = OllpeeIMIOLIMMMs CT PYKTYypy 
mpHemMHuka BOJIC sBisatiotca BbIOpaHHble KOHIECIINMM pelleHusa  CJIeIYIOLIMX 
pose: 

1) boabwou Ounamuyeckuu Ouana30H cueHanoe Ha exode npuemHuKa, (orIpenciAeMbIi 
UIMHOK JIMHMM, 3aTyxXaHveM HM T.y.). PeweHua - aBroMaTMuecKad peryIMpoBKa 
YCWIeHHA MOO IpuMeHeHve OoNbIOrO KOM4eCTBA KaCKaylOB YCWICHUA, KAKI 13 
KOTOPBIX BXOAMT B HacbillleHve TO Mepe pocTa MaKCMMAaJIbHBIX 3HayeHUit BXOMHOTO 
CMrHasa. 

2) CxHuocenue donycmumoti eepoamuHocmu owubKu (qO 3Ha¥eHMit MeHee 10-12): 
OOeCHeYMBaeTCA BbIOOPOM COOTBETCTBYIOWICTO COOTHOIMCHMA CHYHaN/IyM U 
ONTHMM3alMeH YaCTOTHOM xXapakTepMCTHKU C YYeTOM xXapaKTepMCTUK CIIeKTpOB 
WIYMOB WM NepezaBpaeMoro cHrHasia. | | 

3) =TToebiuexnue uyecmeumenbHocmu = NpueMHUKAa: fkOCTMTaeTcCa MHTeTpallneli 
(bOTOTIPHEMHNKa C TIpeylycuIMTeM M Tepeyayeii CurHasa K MOCTYCHAMTEIIO C MOMOLUbIO 
JMHWM C TOCTOAHHBIM xXapaKTepHCTM4eCKMM CONPOTHBIICHHeM; cornlacoBpaHveM 
BbICOKOTO COMPOTUBICHUA POTOTIPMEMHNKAa C OObIMHO HU3KUM 
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TaOnuia 1. OCHOBHBI€ CTPYKTYPHble CWUHUIbI TIPWeMHbIx 
WM Wepewaloluux OMTMYeCKMX MOIyIen. 


IlepenaTauku [IpveMHUKn _ 


CrpykTypHan | CxemaTwueckoe CTpyKTypHax CxemaTHyecKkoe 
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XaPaKTCPUCTHYCCKUM  COMPOTMBIICHMeM CHeWMatbHO CIpOeKTHpOBaHHOw cxemMor 
TIPCHYCMIIMTCJIIA; IIPHMCHCHHe KOTEpCHTHBIX MCTOOB IIpvema. | 
4) CkaoHHocmb npuemuuka K Camoeo3byoCOeHUIO U 4yecmeumMenbNOcMb K nNoMexam 
co3daeaembim dpaileepom nepedamuuka, pe3KO BO3pacTaloumMe Cc YBeJIMYeHHeM 
KOS@@uUMeHTa ycCMNeHMA M. [Mala30Ha YacTOT; OHM yMeHDbINalorca BBeCHHeM 
IIpeABAPUTeNbHOTO YCHICHMA CHYrHala B TpecycuMrene, CHWKeHMeM pacyeTHOTO 
3HaYeHNA KOO*DUUMeHTa ycueHua ONHOFO KacKala (yBenmuenne oOulero uucna 
KackaOB), [e3MHTerpaluelt IpMeMHMKa M WepexaTanKa M3 OHOTO MOJLYIIA. | 
5) Koumpoas onmuueckozo cueHana Ha exode npuemnuKka (HaIMYMA), OpekesHemplit 
MeXTYHapoJHbIMH HOpMaMuM lpoeKTMupoBaHud OTKPBITBIX CHCTeM, pelllaeTca 
BBCHCHHCM COOTBCTCTBYIOWerO GyHKUMOHANbHorO 6yoKa. Ha nail BST, ye B 
OMDKaMIeM OyjtyIeM STOT CHTHal MOXeT MCION3OBATKCH WIA WMcTaHLWMOHHOTO 
W3MepeHWsA Jlerpalalluu yYDOBHA OLTM4eCKOrTO CYTHasa. 

BObUIMHCTBO yKa3aHHbIxX Tpe6oBaHHii peuleHo B WHTeCrpayIbHbIxX MMKpocxeMax 

NPWUBeeCHHIX B Tabu. 3. : 7 fas 

IlpopezeHHbie HaMM  wccrenoBaHunt TpaHWwyHOMW acTOTH MOLYIALIMM 
M3yyaTenen TWOKa3saiM, YO CTaHapTHbIe CTpyKTypbi OlycKalor MOJLYILALMIO 
rerepoma3zepos 0 ~ 10 TT wv cperonuogzos no 30 MI [2]. Crenuansrpre CTPYKTYDpbI 
CBCTOXHONOB JOMYCKaloT MOLyIAUMIO WO 700 MIn. 

@MorTOoMpHeMHUKN Wpescrapiaor cobor p-i-n orToqnMonbl,  co3maHHple Ha 
reTepoctpyktypax n+InP-nInGaAs-iInGaAs-pInP, monyaennpie KUIKOMa3sHon WIM 
MOC - ruypuaqHot smmtTakcnew c nocrenyouen HM3KOTeMIepaTypHon Wudpdpy3vert 
WMHKa B OTKPbITOM cucTteme. Hamu ocylecTBaseTca craOvunnsallud uM 3auMta 
MOBepXHOCTH NONMMMMUAHOKW WIeHKol, uTo oGecreunBae>r oOpaTHbIe TOKH JMONOB 
MeHee 10 °° A. 


Tadmuua 2. OCHOBHbIe HapaMeTpbI IIpHeMHBIX MU epeyaroulux Monyiel Ww 


BOJIC wa ux ocHopse. : 
Tun HEBR | HEBR | HEBR | HEBR 
MONYIA | 14X2 14X4 $205 
| A HM_ | 820 1300 
| Tun | 200 PCS 62/125 | 12/95 
Kabes1a | : 
SMBd 5 Mbd 
seme lator | | 
HEBR 30mbd | 30 Mbd 


HEBR 125 Mbd 
2316T 2 KM 
1S5Mbps 
| 2 KM 


HEBR | -30 
MorToul | - 30 1250 
-30 


MotToH 
2 


Marepuaani 6-i1 Memaynapognolt Agwmcxoit “Mux porornonoil Aouhepenynn AperHaRe'G6. 16-19 ceuraspa 1996 c,, Cenactonoan, Kppm, Yepanna 
Proceedings of 6th International Geemean /Aécrowave @onkerence CrerHtile'G6. 16-19 September 1996, Sevastopol, Crimea, Ukraine 29 



















Morou! | Doron? 



























155 Mbs 
1 kM 











YcusleHve CHTHaa CPOTOIMOLOB BBIMOJUIHACTCH AHAJIOTOBbIM IIPCHYCMIIMTeIEM VM 

TOCHeMyIOlWeH MHTerpayibHOu cxeMou, KoTOpas opmupyer TTI wm OCT ypopens. 

Hawndoyee mepcieKTMBHbI JIA VHTerpallwu y3ila MOJYIPOBOAHHMKOBbIM 
QIIEMCHT/ONTOBOJIOKHO - MOHONMTHbIe MuKpOcTpyKTypHt Si/A3B5 [2], KoToppie 
IIO3BOJIAIOT MHTeCTpupoBaTb KpeMHueBbIe CBUC c GaAs mu6o u InP, oOpasyromme 
CX€MbI Ha  BbICOKOCKOPOCTHBIX apee enone (FET wm HBT), cpBetommogsl, 
Wa3epHble JMOL WU MOTOMpPMeMHUKM. 

OWHUM U3 TepCieKTMBHBIX PecIWeHWU, peLllarollux ypo6memy onTHyMNsalWun VM 
IOCTHPOBKU BBONa W3TyIeHHA B padouyio ObNaCTh COTOMpMeMHUKa ABIACTCH 
TIpuMeHeHMe ONTHYECKH IIpospasHou TOWIOKKM, Ha OMHOK CTOpOHe KOTOpoK 
V3FOTOBICH OTONpPMeMHUK, a Ha pyro - cpenesepcKad JIMH3a, CO3TaHHad 
MeTOaMU 3ICEKTPOHHOM wHTorpadun. Padbovaa oONacTb oMmpeyesmaeTcA MOMyCTHMOK 
pa3 lOCTHPOBKOM ONMTHYeCKOM OC BOJOKHA MW POTOTpveMHNKa . | 

Jia oGecrieveHva MpveMJIeMbIX 3HaveHHii BepOxATHOCTH ONIMOKM (10°!) u 
MCKJIOUCHHA  CIeWMaIbHbIX TpeOoBanuH K Jla3sepy WM ITipMeMHWKy BaKHO 
MVUHMUMM3HpOBaTb OTpaKeHUH OT KOHIIOB JIMHMM Tepezqayu WU NOBepxXHoOcTH 
(boTomMoa, YTO MOCTMTaeTCH IIpMMcHeHMeM COOTBETCTBYIOMerO PYHKIMOHATbHOTO 
OMNTHYCCKOTO DIEMEHTAa - OTITHUECKOTO M30ILATOpAa (B IIpOCcTeMILeM CIydae STO MOXKET 
6bITbh CKOJI TOPLa ONTOBONOKHAa Os yriom 5-7 ° K OCH BOIOKHA). 

Vi3sMepenna, WpoBeseHHble Ha KOMIIIeKTe MeraOUTHIxX TpaHCCMBepoB NOKa3zalM, 
YTO OHM MOLY TIPHMCHATbCH B BBICOKOCKOPOCTHBIX  OTTHYCCKHX BOJIOKOHHbIX 
cyicTeMax Wepelaum WHdopmaimn, WM Wocwe HeKOTOpOorO MOAMUUMpOBaHWA - B 
WOKaJIbHbIX KOMIIbBIOTEPHBIX CeTAX. 

B rocremHve HeCKONbKO JET pa3paOoTaHbI NecATMTMraOuTHble MHTerpasibHble 
MMUKpOCXeMbI WM MOLYIIM Ha HX, HO CerOqHA MMeeTCA MOTpeOHOCTh B YBeIMYCHHH 
CKopocTeH mepemauu uHbopMaltnn no Gonee 4em 40 T6/c. Mepexog spue 40 [6/c, 
OLHAaKO, ABIAeTCH OlpeyeseHHbIM OapbepoM, M TpebyeTCA MpPMMeHATh pa3zIMdHble 
HOBINCCTBA MW MYTH 3HAYATENbHOLO YIYUIMICHMA CTapblx TEXHOJOTHM. 

HecMoTpa Ha MHTerpasibHoe MCTONHeHMe TpoeKTHpoBaHHe AMC aia onTrwueckux 
KOMMYHMKallult TpakWwMOHHO Oa3MpyeTcd Ha MeTOJMKe WpOCKTHPOBAaHWA HU3KO - 
YaCTOTHbIX CX€M Ha HaBeCHBbIX 9eMeHTax. HO Tak Kak CII€KTp IpMMeCHACMBIX 
CUTHAIOB pocTupaeTca B MMJUIMMeTpOBLIM jMalla30H BOJIH, MbIl JOJDKHDbI 
UCHIONb30BaTbh MCTOLbI MpOCKTUPOBaHUA MMKPOBOJIHOBBIX CxeM. B TO Ke BPeMA WIA - 
OUTHYeCCKUX CHCTEMM CBA3M CXEMbI JOJOKHbI CYHKIMOHUPOBaTb WU OT KWILOTePLLOBbIX 
YaCTOT MOTOMY UTO CHTHabl WaHHBbIX MOTYT MMe€Tb CMeKTpbI C HU3KOM YacTOTOH. ITO 
o3HayaeT, YTO BYTOM CKOMTIOHOBaHHOM JMaiia30He YaCTOT MB OOBIYHYIO MCTOMKy 
mpoekTupopanua MMC neo6xonuMo MpMBHeECTH CBOM MEeTOAbI MpoeKTMpoBaHUs, 
BkHO"aIOINMe KaK . MeCTONbI TPOCKTUpOBaHHs OOBIYHBIX CxeM Ha TMOpHTHbIX 
QJIEMeHTaX, TaK WM MeTONbI IpOeCKTMpOBaHHA MUKPOBOJIHOBHIX Welle. BosHukaeT 
HeoOxOAMMOCTS B TpaH3McTopax, KOTOpble (PYHKIMMOHMpyIoT Ha yacToTe OONbUIEH YeM 
120 Tfu. InP HEMT - ona ws Hanbonee IIepciieKTMBHbIX CTpyKTyp B 
MHJUIMMeTpOBOM JMara30He BOH. C IIpHMeHeHHeM HOBbIX MeTOXOB pa3spaoboTaH pall 
KIOUCBLIX KOMIIOHeEHTOB MMC ucnomp3ya InP HEMT c mmuoi sarsopa 0,1 -0,15 
MKM ~=_[4 I: mocrosHHplt Tok (IIT) - 32 Fa mpenycunutenp, 34-40- wen 
OTpaHWIMBalOWIM YCUIMTeIb, pacipelewMTebHad AUehKa [umpoepta | wu WT- 90 - (Tay 
paciipeeNeHHbI WMpOKOMNOOCHEIM ycusMTetb Ha FET. — 3 

Kakne xe (YHKIMOHAIbHbIC WM KOHCTPYKTHBHO- TeXHOJIOTMYeCKHe HOBLIECTBAa 
BBEJICHbI UIA MOJYICHUA CTOIb BbICOKHX CKOpOCTen. 

| 1) Ucnonp30paHve smeKTpwueckux Lene, KOppeKTHpyIOlWMx BIMAHMe Ha 
KOISPDULMEHT YCHIICHMA WaCTOTHO-3aBMCMMBIX MapaMeTpoB TpaH3sMcTopa; 
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2) Ucnomb30paHne WIA Tepeqaw CUTHANOB KOIWIaHaPHbIX BO HOBOTHBIX JIMHMM C 
XAPaKTCPUCTHYECKMM COIPOTMBIICHHMeM OG6eCTICUMBAaIOWIMM COrlacoBaHve MCTOUHNKa 
CHTHaIM WM Harpy3KH WM ONTHMM3MpOBaHHbIM C yYeTOM TIPMeEMJIEMOTO COOTHOILeEHUA 
yCWIeHNe /TMIOWAa Ib; 

3) HloctuxeHue HeobxozMMoro KoSpPuUMeHTa Tepezaw WpMMeHeHNeM MeTosa 
paciipeyleqeHHOTo yCMJIeHUs. . | ; | 


3akIoOueHHve 


OxKHlaeTCa, YTO CKOPOCTHEIe M CBEPXCKOPOCTHBIe ONTHUCCKWe BOJOKOHHbIC 
CHMCTEMBI Tlepenauu OynyT OCHOBOHM OyHyWIMXx MyJIbTMMelMa KOMMYHMKalnit W 
ObICTPOAeCHCTBYIOWIMe MHTelrpasibHble CXeMbI OYLYT KIIOUeBOH KOMIIOHEHTOM B 9THX 
CMUCTeEMAax. 

OcHOBHBIe UHMOPMAaTUBHble OTPaHWVYeHHA BbICOKOM CKOPOCTH Tepexzagu MOTYT 
ObITh IIpeoOJeHb! MHTeTpUpalMen TBepMOTeNbHbIX CTPyKTyp Mera- WM rMraOnTHEIX 
BOJIOKOHHO-ONMTMYECKUX JIMHMM CBA3N. 

AHaJIM3 MOKa3aJ1 BOSMOXHOCTH YBeIMYCHHA TpaHWMyHOM wacTOTH Nepeyasw Do 
100 TT ucnom3ya Wa3McTopbl M JIeRMCTOpbl, MHTeTpHpoBaHHble C KpeMHMeM WIM 
A3Bs. | 


Ccburku: 3 
Il. Sunduchkov K.S.,  Shelkovnikov B.N. Microwave  Devics for 
Communication Systems Receivers. Proceeding of the 4th International Simposium of 
Recent Advances in Microwave Technology. Isramt'93. New Delhi: Agra (India) 
December 15-18, 1993, p.142. : 

2. Ocuncxui B.W., T[pusanos B.W., Tuxonenxo O.H. OnroosneKrpoHHnie 
CTPYKTYpbI Ha MHOTOKOMTIOHEHTHBIX MOUyIpoBoaHNKax, 1981, 208 c. 

3. Laser Focus World Vol. 28 N5 1992. P. 217. 

4. Imai, S.Kimura, T. Enoci, Y: Umeda.” A DC-to-100-GGz InP HEMT 1:2 
Distributor IC Using Distributed Amplification” in Microvave and Guided wave letters, 
(1996, v.6, N7, p.256-258. 


THE FUNCTIONAL AND TECHNOLOGICAL INTEGRATION IN MICROWAVE OPTOELECTRONIC 
3 Sunduchkov K. 
joint-stock company “Saturn”, 2"b” 50-let Oktiabria Ave., Kiev-148, Ukraine 
tel. (044) 477-67-39, fax (044) 477-62-08 
} | Osinsky V., Mergvinsky A... 
Glushkov's IC of NAS of Ukraine, 40 Akademika Glushkova Ave., Kiev-207, Ukraine 
: fel. 266-00-82, 477-94-18 | 
lichenko M., Voronko A., NTU of Ukraine “KPI”, 37 Pobedy Ave., Kiev-252056, Ukraine 
— | | tel. 441-12-20 | 
The problems of physical restructions removal! off the information carrying ability of communication channels by 
application of optical fibre lines of mega- and gigabit ranges are considered. The analysis of boundary modulation 
speeds of various structures of radiators, photoreceivers and their integration with GaAs, multicomponent 
semiconductors and Si based structures, is considered. The parameters and characteristics of developed complete 
set of integrated receiving and transmitting devices for 1.3 and 1.55 um wave lengths and 155 Mb/s and 1.1 Gb/s 


speeds have been presented. The main condition of superhigh speeds achievement is the functional and 
technological integration of laser, photoreceiver and transistor microstructures. 
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- TEHEPAUMA! CBY-KOJIEBAHUM Bo 
3AMEJUISFOMIMX JIMHUAX C MATHUTHOH 
CAMOMB30JIALHMEM 


B.A.banaxupes, II.W.Mapxos, [’.B.Coruukos 


HHI ” Xappxosckul du3suKo-Texuuyeckuu wHCTUTYT”, XappKoB 310108 
lO.B.T kay 


UnctutytT ekTpoMarHuTHbIx uccneyoBpanun, mp. papa 5, XappKos 310022 


Annotauma. Crean 0630p COBpeMeHHOTO COCTOAHMA UccNeqOBAaHUM TeHepaunn 

Vi YCMIeCHUA MUKPOBONH B KOaKCMaNbHbIX 3aMeNNAIOUIMX WuHMAX (SJL) c MarHMTHo 

caMov30nauMen. Bameniiaioulad CTpyKTypa MpencTaBialoT coOoh KoakcnalIbHyto 

NMHMIO C WMadparmMamu Ha aHoge (anofHas 3J1) unm Ha KaTone (KaToyHas 3JI). 

. Bpvmmo9HoBcKoe TeyeHue O6pa3yeTca B pe3yIbTaTe B3PbIBHOM SMMCCMM Cc kKaTopa 

CTPYKTYPbI M DasibHemmei caMocormacoBaHHol WMHAMMKM B COOCTBeCHHBIX dNeKTpu- 

yecKUX M MarHMTHEIX nomsx. Wccnenopanue HeycToluMBocTu Takoro NoTOKAa II0- 

Ka3bIBaeT, UTO D*PeKTMBHOCTL B3aMMonelcTBNA B SJ 3HadMTeNbHO BHIIe, YM B 
KOaKCHaIbHOM NMHUM C PHaNKUMU CTeHKaMN. 


BBEDEHUE. 


B nocienHee BpemMa yBenMuBsIca MHTepec K HcclIefqoBaHuAM Bo3by xXneuuA CBU- Ko- 
neOauuit B upu6opax c MarHuTHon camou3zonsanuen. Wurencupuble uccnenopaHMa, kak 
TeopeTUUeCKMe Tak WM IKCIICPUMECHTAJIbHBIEC, Renyres B swa6oparopuax CIITA, Benuxoopu- 
Tanuu, Poccuu, Ykpanubt. 

Unex MarHUTHOM W30/1MMM OYeHL WpocTa M 3akNINUaeTCA B UCMOUL3I0BaHMU MarHuT- 
HOrO NONA DJId UpevOTBpallleHusa 3akopauMBaHua aHof- KaTomHoro mpomexyTKa. Mar- 
HUTHOe LlONe, HallpaBNeHHoe MapasNeNbHO dIeKTpPOaM, 3aBOpayMBaeT 9eKTPOHbI, 3Mu- 
THpOBaHHble KaTONOM, WpelaTCTBYA UX NotayaHwio Ha aHoy. B pesymbraTe Dpeuda 3s1ek- 
TPOHOB B CKPEINCHHEIX DIEKTpHUUecKOM HW MarHUTHOM HOAX POpMUpyeTcaA dIeKTPOHHOE 
TeyeHMe BNONb KaToHHOM ToBepxHocTu. MarnuTuas W30nANMA B OMHOYACTOTHOM Npnosu- 
*KeHU Sbiia UccepoBana ene B 1921 r. [1]. Knaccmueckum CBY mpubopom, B KoTOpoM 
peamm30naHa Wed MarHUTHOM w30nauuu, ABIAeTCA MarHeTpOH. B kayecTBe IlpumMepoB 
YCTPOMCTB MW ABMIeHM, B OCHOBE KOTOPEIX NeEKUT IpeKT MarHUTHOM W30NMUMM, MOXHO 
Ha3BaTb WOHHBIC DMONbI, WeCHHMHTOBCKMM pa3pAl. 

B nocnennue roubt WIa Nepean Gombuiux NOTOKOB 3HeEpruu OT reHepaTopa K Ha- 
rpy3ke, HallpumMep B yCTaHOBKaXx [10 3JIEKTpOHHOMYy TepMOsIepHOMy CMHTe3y, IMpoKoe 
IIpPUMeHeHMe NOMYIMIM BAaKYyMHbIe MH C MarHMTHOM camow3onanuelt [2]. Bnepppre 
ABJICHUe MarHUTHOM CAMOVBOUIAIMM MCHONb30BaHO IIA Mepenadu sSHepruu NO BakyyMHOM 
KOaKkCHasIbHOl JIMHMN DIIMHOK no 7M Ha ycranosKe AURORA [3]. 

[lp 6onpuiux moToKax 2Hepruu HopsnKa 10'° sr/cm? uw BEITMe HalpsxKeHHOCTh 31ek- 
TpuyecKOro NOM B BaKYYMHOM Mepenaiollew MMHUM WpeBOcXoMMT MWoporopoe 3HateHHe 
E x (2+3)-10° B/cm, npu xoropom mpoucxoguT B3pLIBHad OMMCCHA C OTpUMaTesbHOrO 
3IeKTpoLa IMHUM. OMMCCHA 3JIeKTPOHOB OOEITHO TpoucXOuUT B Haase JMHMM C 3alepx- 
KOU B HECKONIbKO HaHOCeKYH, OTHOCHTeIBHO MMIyJbCa HalilpAKeHUA. OQleKTPOHHbIM MOTOK 
BHadasie NomasaeT Ha aHOl, a 3aTeM Ho DeUcTBMeM deKTpODMHAMUIeCKUX CUI CHOCUTCA 
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K kony smHuM. Hens 3amptkaeTca nu60 TOKOM yTeUKM Ha KONNe WHHUM, ecu Ona pa- 
30MKHyTa, M60 TOKOM B Harpy3Ke. I[pesnimeHve MarHuTHoro MOA, KoTOpoe co3maeTca 
Kak SJICKTPOBHBIM NOTOKOM, Tak M TOKOM Ii0 BHYTPeHHeMy 9TeKTpoLy, Han aleKTpuye- 
CKUM OOecIieuuBaeT CyINeCTBOBaHMe cTallMoHapHoro Teyenus. Jlrs asroro Heo6xonmMo, 
¥YTOObI TOK B JMHUM NOCTUT UNM TpeBLICHII HeKOTOpoe MUHMMaIbHOe 3HAUeHHeE, KOTOpOe 
OlpefesiaeTca IPMNOXKeHH‘IM HallpsKeHMeM MU TeoMerpuent munuH. 

Hanwave sekTpoHHoro NoToKa B JIMHMM HaTasIKuBaeT Ha MBICIb 06 ero HcHonB30BRa- 
HUA Lis yculenua u reneparuu CBU snexrpomarnuTHErx Konebanun [4-7]. Ix storo 
HeEoOxonMMo, 4TOObI B JIMHMM Moria paciipocrpaHsaATbca MenNeHHas Boa (Osh. < Ce Veh 
- Paz0Bas CKOPOCTL, ~- CKOpOcTb cBeTa B BakyyMe). HeoOxonuMoro 3aMer.NeHHA BOJHEI 
MOXHO NOOUTECA pa3siM4HbEIMM ciocobamu, HalpwMep, rodpupoBKoli omnoro un MBYX 
SJIEKTPONOR KOaKCHasIbHO WM MOCKOl NMHMit, UCHOUb30RaHMeM UelouKy pe30HaTopos 
WIM 3aMeINIAIOIIUX CTpyKkTyp Tuna rpebenku. Takoro poma rehepaToppl u ycusinTenn 
C MarHUTHOM CaMou30AIMeH MMeIOT Obie YepTLl Ipexne Bcero c MarueTponom. C 
TOM NMUIb pasHuleli, UTO B MarHeTpoue IJIt MarHUTHOM W30NsIMM UCIONb3yeTca BHEIII- 
Hee MarHuTHoe Nowe, a B reHepaTopax C MarHuTHO camou3o0nayuen (MILO-Magnetic 
Insulated Line Oscillator) - co6craexHoe camocorsacopanHoe MarHurHoe tone. [pu dux- 
CMpOBAaHHOM TEOMETPUM 3aMelIAIOWeH MMHUM WapaMeTpbl cTallmoHapHOrO TeveHua 97eK- 
TPOHOB: €fO TOK, 9HEplra, MOMepeyHbI pa3sMep U T.0. olpenensoTrcs eaquHCTBeHHbIM 
TapaMeTpoM — HalipsxKeHMEM, TIpMIOKeHHDIM K aeKTponam. IIpunoxennEim Hanpsxe- 
HMeM OylyT ompeneuATECA UM MapaMeTpbi reHepatopa: wacToTL renepaun, reuepupyemas 
MOINHOCTb, 3ekTpoHHE KIT. Taxa ” xecrkocts” resepaTopos 3TOTO Tula NO3BOuIIeET 
HaleATbCA Ha UX BLICOKYIO YCTOMYMBOCTh B pabote [6, 7]. 

B nactosuen pa6otre cnenan 0630p TeopeTuveckux uccnenoBaHnit BO3OY KXNECHMA IIEK- 
TPOMarHUTHbIX KoNebaHun B 3aAMEIVIAIOUIMX IIMHMUAX C MarTHMTHOM camMow30namue;t. 


CTAUMOHAPHOE TEYEHUE B JIMHMM. 


BaXkHbIM TapaMeTpoM, pa3jesa1olMM pexUMbI paOoTb JtMHUM Cc MarsuTHoi camo- 
Us0NANMeH, ABIKeTCA Bemunna K = I/cr;, roe 1 — onwna orpe3Ka muHuu, Te ~ BOM 
TEMbHOCTh (bpouTa umiyabca. Upn K < 1 cnpasenumpo cranuonapHoe mpndmmxeuue. 
JNeEKTPOLL TMHUM MOKHO paccMaTpHBaTb WpocTo Kak MWylacTMHEI KOHDeHcaTopa, B KO- 
TOpbIX HpoTeKaeT ToK. B guuHHou nMAMM HeOOXOLMMO YUNTLIBATb BOJIHOBOI xapakTep 
pactpocrpanenus AMIlyiIbca (BOJHOBOH pexuM, cM. Hanpumep [2]). Huxe mur orpanu- 
TMMCH CTalMOHapHEIM UpMONMxKeHMeM, Upelnonarast ycIIOBMe BHITONHCHHBIM. 
B wacrosiee BpeMa HavOonbitice pacpocrpanenue HomyuuiM Be Mopenn 3JIeK TPOH- 
HbIX IOTOKOB B MarHUTOM30MpOBaHHbIx JIMHMAX: 
a) IBYXHOTOKOBad, B KOTOPO!t 3IeKTPOHLI ABUXKYTCH NO TUKIOUTAM, HaMMHAIONIMMCSH Ut 
3aKaHIMBaIOLUMMCA Ha MOBeEpXHOCTH Katona 

6) omHOMOTOKORaS WIM OpHIIO.HOBCKad MOleNb [8], B KOTOpoM SueKTpPOHE WBUKY TCA 
MapaJINCIbHO NOBEPXHOCTH 3IEKTPONOB CO CKOpOCTBIO jpeiicdba B CKPeleCHHbIX 3J1eK- 
TPHYECKOM M MaCHUTHOM MOIIAX. 

Teopus ByXNOTOKOBOM MOEN MarHuTHON W30NsIMM pa3BuTa B padotax [9-13]. Cme- 
_HyeT OTMe€THTL, UTO HaNMuMe DBYX BCTPeYHbIX TOTOKOB enmaer Teuenme CUbHO He- 
ycro#umppim (14, 15]. Bpemsa passurus Heycrounpocru TaKkoro CocToOsHUA OKa3bIBAeTCA 
MeHbIIe BpeMeHu CbOpMUpoBaHUA HOTOKa, KOTOpoOe MO NOpAAKy BEIMUYMHEI paBHO BpeMeHH 
MpoleTa sekTpoHors uepe3 cow. llooromy AByXNOTOKOBble TeveHuA IpaKTWUeCKH He pe- 
amusyiorca [15]. PesynbTarpr uncmeHHoro MofenupoBanua WoKa3ErBatoT [16], ro BMecTo 
Hero opMupyetca TeveHne, Onu3Koe kK OpusODHOBCKOMy. OseKTPOHBI B MOTOKe ZBU- 
#XYTCA He NO UMKIONNaM, a CKopee lO IpAMBIM, CoBepiiiad MaJibie Konebanua. 

Takum o6pa30mM, uMcMeHHOoe MojeMpoBaHue, a TakxKe SKCHePUMeHTasIbUBIe MCCIENO- 
BaHua [2] ToKa3asIM, ITO MNlA ONMCaHUA TEUCHUA SDNeKTPOHOB B IMHUAX C MaTHMTHO! 130- 
NAHE HanOonee NOLXOLAIMM ABAeTCA OpHITIOsHOBCKOe UpuomMxeHMe. OcHoBHBIe pe- 
3YIbTAaTLI STOM TEOpuM NoMyueHbt B paborax [217-19]. 
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PaccmMoTpwM KoakcMasIbHylo BakyyMHYyIO AuHMIo Nepenauu. VUneanbyo mposonsiiue 
BHYTPeHHUM WM BHEINHM DIeKTpombl UMeroT pamuychl a u b cooTBeTCTBeHHO. Mexsy 
oIeKTponaMyu IpusioxeHa pa3sHOcTb noTeHtuanon U. OnexTponnoe TeveHue TOMMMHON 
r, UpuxKaTo K KaTouy, KOTOPLIM ABJIAeTCA BHYTPeHHUM oeKTpon. Boobie roBops, aiieK- 
TpOHHbIM cHow MoxeT OLITb OTOpBaH OT KaTona. Onnako 3HepreTHuecku Takoe TeyeHue 
HeEBbIFOTHO WU B SKCIepMMeHT ax, Kak TipaBiisio, He peasu3yeTcs. 


CucTema ypaBHeHun, ONMCHIBatOMIadt CTAaAUMOHapHOe OCECUMMECTPNITHOE TEYCHUC, BKIIOUACT 


B ceO ypaBHeHua TMAPOMMHAMUKH IIA 3eKTpoHoBN u ypaBHeHult Makcsesna Usa TOM. 
Peis e€ Did TapamMeTpoB TeYeHUA MMEeM CIieLyIOUMe 3aBMCHMOCTU OT IlollepeuHON KO- 
OpNMHaTeEt: 


vzfe=thy, yruchyp, 4re?n/m=wr(a’/r*)chy, wv(r) = aln(r/a), 


roe a = w.a/c, w. = eH,/mc ~ wuknoTponuas vactota Ha KaTone. Ilapamerp a nosHo- 
CTHIO ONpelenAeTCH TOKOM, TeKytuuM tio KaTony, a = 21./14, rme [4 = me?/e = ITKA. 


Her PYHHO BUACTL, YTO OTHOMCHUHE KBADPaTOB Wia3MeCHHOM YacTOTbhI ws = = Ane? (mo 


Wi UMKMOTPOHHOM wz, = w?/44 paBHo emuHute BO BCeM OOBEME dIIeEKTPOHHOrO CNOA. 
IlapaMeTpbI TeyeHUA OllpeneAIOTCA CNeETYIOULMMM COOTHOMIEHUAMU: 


y=chyot(s—1)yshyo, t= s8-chyo (1) 


rue y = 1+ eU/me*, Yo = (21-/L4) In(r./a), 1 = (21/14) In(6/a) — Gespa3smepuemi ToK 
B mun. Tok, Texytmit mo Katromy, t, = (2/./I,4)\n(b/a) u nomaem ToK 7 cBr3aHBI C 
BBCNCHHLIMM TapaMeTpamMu CooTHOIIeHuIMu 


te = SWo, 1/te = ch to = Ym, (2) 


He Ym — PCHATUBUCTCKMM dakTop 3IeKTpoHoOB Ha TpaHure cmos. pu 3anaHHBIx Ha- 
IpmKeHUM YY WM TOKe B AMHMM 2 cooTHOMeHuA (1-2) HO3BONAIOT OMpeeNUTb OCTasIbHbie 
UlapaMeTpbl TeuveHUA: TONUMAY, NOMHBIM TOK, MepeHOCUMbIM IIeKTpOHaMY B BaKYyMHOM 
IpOMeExKYyTKe, MaKCUMaJIbHYy!O DHEPrUlo YacTUM. 

Ucxmouns 43 cootHomennit (1) napamerp 8, MOxXHO BbIpa3HTb TOK B TUHMM Kak PyHK- 
IO 9 UpU PUKCMUpOBaHHOM HalipsxKeHuM + 


i (y —ch Wo + Wo sh wo) / th Wo. 


Ora dyHKuMA UMeeT MHHUMYyM pu 


3 
2 — ch Wo + Wo sh Wo. (3) 
[lonu.im TOK, KaTODHbLIM TOK UW HapaMeTp SB 3TOM CILY Gace ON pened AIOTCH BbIipaKCHUAMMU: 
: 3 : 2 2 au 
im = Wo ch Wo, {eo Wo ch Po, s=ch Wo = Ym° (4) 


Kak culeqeT 13 UncMeHHOTO aHamu3a (3-4), Cc pocroM HallpaxKeHUA MMHUMalIbHbIM TOK 
pacreT, IIpw4emM B OOMacTH penaATUBUCTCKUX SHeEprui MO JMHeCMHOMY 3aKOHY tm = Y, Y > 
|. ‘Tox B kaTone 1, Takxe pacTeT, O0HaKO ero BKIaX, B MOUIHbIM TOK C pOCTOM MeLJIeHHO 
yOprpaer. B uvacrnocru, up 7 = 3 upumMepHo 66% or nomHoro ToKa IpMxonMuTcs Ha TOK, 
TeKyLIMM B KaTone, u numb 34% — wa TeweHwe 9NeKTpOHOB B BAKYYMHOM IIpOMeXyTKe. 
C poctom HalpMKeHUA MapaMerp s pacTeT, a CleuOBaTe/IbHO TOMMMHa con yOprBaerT. 
Pacrér TakxKe, XOTA WU MeLJIeHHO, MaKCMMaJIbHas 3Heprua uactun. Hanpumep, up y = 3, 
ui Haupsaxenuu | MB, makcuMastbHas sHeprua cocraBniseT 250 KB. 
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BOJIHbI WV HEY CTOMUUMBOCTU BPWJIIIOQHOBCKOLO HOTOKA 
B TEPENATOMENM JIAHMM C PIATKYMY CTEHKAMMY. 


CaenyiouluM ilaroM Teopuu sABIAeTCH U3y4eHMe BOITpoca 06 YCTOMYMBOCTM CTaimMo- 
HapHoro Teyenus. Hanpumep, AByxMoToKoBoe cocTosHMe Upakruuecku He peamu3yerca 
W3-3a €fO CHIIBHOM HeycTowunBocTu. Craluonapnoe 6pummo>szHOBCKoe TedeHue sABAAeTCH 
HepaBHOBeCHBIM yxe MOTOMY, UTO B HeM UMceTCs Mp cKopocTu (sHeprum). OT HyseBoro 
SHANCHUA Ha KaTONe MWpoOmONbHat CKOPOCTh TeYeHUA MOHOTOHHO HapacTaeT wu Docruraer 
MakCUMyMa Ha rpaHue cio. 

JaHHbit pasien DocBaleH uccnenopaHMio pacipocrpanenns i Bo30yKneHuA KOIeba- 
HMM B OpusosHOBCKOM MoToKe. Teper w300%K%eHMeM OCHOBHOTO MatrepHajia OCTaHOBUMCa 
KpaTko Ha UcTopun Bompoca. HeycrounBocts ZByXNOTOKOBOrO Hepes TUBUCTCKOLO TedVe- 
HUA B MarHeTpoue uccnepoBana B pabote [14]. Teopus neycrotunpocreit onnonoToKoBOro 
OpWOSHOBCKOrO TCYCHUA B MOTeHUMANbHOM UpU6AMxKeHUM W3NOKeHA B pa6ote [21]. B 
TCOPHMM SNeKTPOHHEIX HOTOKOB, JBIOQKYINUMXC# B CKpeLIeHHbIX NOJIAX, BAXKXHbIM WapaMeTpoM 
ABTACTCA OTHOWMECHUC KBANpaTOB Ma3MeHHOM M WMKNOTpoOHHO yacror g = w2/wi <1. 
Hus 6pumm03HOBCKoro Teyenua g = 1. HeycTo#unpocTh foTOKOB Ip WpoM3BoMbHOM 
q < 1 paccmorpena bynemanom u gp. 8 [22]. B pa6ore [23] nomyuena muneitnas cuctrema 
yPpaBHeHUM, ONMCLIBalolad HeyCTOMYMBOCTH PesIATUBHCTCKOrO OpusIODHOBCKOrO TeUCHUA 
B KOaKCHaJIbHOM JIMHuM Tepenaun. Boni m HeycTOMUMBOCTH B MTOCKO NMHUM C MarHuT- 
HOM W30/AtMen uccnenopantt B [24, 25]. B srux paboTax nonyyeHo nucnepcuonHoe ypabs- 
HCHMC, ONMChIBAIOIee KONebaHuA NpUxKATOTO K KaTONy pesaTMBUCTCKOrTO OpHJO3HOB- 
ckoro (q = 1) reyenua. [oxasano, uro orHocuTenbHO HanGosee OMaCHLIX HU3KOUACTOT- 
HbIX KPYNHOMaCiITaOHbIx BO3MYyIeHuH MoToK yctotuus. Heycrowtuupocrs pa3BuBaerca 
B fMatla30He BLICOKUX WacTOT W > Wy. JTa HeyCTOMUYMBOCTL NoMyUa Ha3sBaltue MarHe- 
TpoHHou. Ke posHukHoBeHHe CBx3aHO C TeM, UTO [JIA BON C YacTOTaMU Ww > W, B OObeMe 
TeHCHUA UMCETCA CHIOM, TW BbITIOSIHEHO YCJIOBMe pe30HaHca Ha HOPMasIbHOM 3pdexte Jlon- 
mstepa wW = kuo(z) + w./yo(x), rue & — wpopombHoe BomHoBoe UCTO BO3MYINCHUA, Uo(2), 
Yo(x) - ckopocTb uw pensaTuBucrcKul hakrop reyenus. B pe30HaHCHOM coe Mponcxo- 
AUT WHKJIOTPOHHOC NOriOuleHve 3Hepruu MONA NOBeEpXHOCTHHIX BomH mOTOKa. IlocKkompKy 
MenneHHad (w/k < v,, Vs. — CKOpOCTL Teves Ha rpaHune) NoBepxHocTHad BROTHA T0- 
TOKA, CBA3AHHad C HaNMUMeM CBOOOAHOM TpaHMUbl, UMeeT OTPULaTeNLHytO VHeEprio, To 
WK ATOTPOHHbI€ HOTEpH SHEpruu MpMUBoAT kK Heycroitumpoctru. B pabore [26] o6o6rmexnLI 
pesyibTaTb! paoorsr [25] Ha cayuali nByx cBobomHEIX rpanun TeveHua. Kpome 93Toro 
paccMoTpex OOM cryuait NpoM3BONBHEIX 3HaueHutt lMapamMetpa q < 1. Hanmuaue propow 
cBoboqHOM TpaHulb! (BaKyYMHOTO MpoMexkyTKa MEX TY 3ICKTPOHHIM CIOeM 1 KaTODOM ) 
KaweCTBeHHO MeHseT KapTuHy. B o6nacru Hu3Kux YacTOT pa3sBuBaeTCs MMOKOTpoHHasa 
He€yCTOMWMBOCTh, a B OOMACTH BbICOKMX GACTOT BO3HMKaeT BTOpast BETBb HeEYCTOMUMBLIX 
MalHCTPOHHBIX KoNebaHMn, CBA3aHHad C pe30HaHCHOM WMKNOTPOHHOM pacKadKolt Ha ano- 
MaJIbHOM Sexte Jlonnuepa w = kvo(x) — w./7o(x) Kone6annii npuKaromHo rpanuiet 
Teyenus. HanomMHuM, uTo B NepemarolimMx HHMAX C MarHUTHOM caMon3osAIMeit peanM3y- 
eTCA, Kak IpaBMlo, IpWxaToe TedeHHe, NOCKOJIbKy OHO 9HepreTuuecKH Gosee BEITOMHO. 

3a HapacTaHMe BONHEI Ipv pasBMTuM MarHeTpoHHoit HeycToitumpocru oTBeETCTBeHHA 
HeOouIbllad Tpyliia wacTHI B OKpeCTHOCTM pe30HaHCHOTO cNO4. Ilostomy HemmHeiHoe 
| HACBIINCHMe HeYCTOMYMBOCTH HOJKHO HPOMCXOLMTh Ha OTHOCU'TEMbHO HU3KOM yPOBHe Ko- 
neOannu. Ilo cpoelt tpupoye MarHeTpouHaa HeycToityuBocTD aHasloruuHa KMHeTUIeCKUM 
Hey CTOMYMBOCTAM B I1Jla3Me MOTOKOB YacTUL c OoN_IWIMM »HepreTuueCcKUM pa36pocom [27]. 
Bos6yx enue ttyMOBLIx Kone6anuit c IMpoKMM YacTOTHEIM CHEKTPOM IIpMBeLET K cila- 
OoTYpOyNeHTHOMY COCTOSHMIO TeYeHUA MW, B YACTHOCTH, K AuPby3uu d1eKTpoHoB Honmepek 
MarHUTHOro Nosid WM BOSHMKHOBeHMIO Typ6yNeHTHEIX ToKoB yTeyKu. [[popona aHanormio c 
MarHeTPOHOM, MOKHO rOBOPUTb O POpMUpoBaHUK "KuNAMIerO” Clos B IMHUM Tepenauu. C 
TOUKU 3PeCHUA MAKPOCKONMUYCCKON YCTOMYMBOCTH TCEYCHHUA MAarHeTpOHHasd HeyCTOMUMBOCTE 
oOlacHOCTM He IpencTaBnser. 
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Byem oTTaikuBaThc# OT CaMOcormacoBaHHol CTalMonapHou OpUJITIOsHOBCKOM Mo- 
pelMm TeEVeHMSA BHOcKou muunu uepenauu. Hac 6ynyT MUTepecoBaThL TOKO 3s1eKTPOHHBIe 
KoneOaHus 6e3 yuacrud voHos. Kak 9sTo o6nraHo DenaeTca, UpencraBuM Bce BeENMIMHE! 
B BMIe CYMMbI UX CTalMobapHbix 3HaveCHMi MW BOHOBLIX BO3MYINeHMM, paclipocTpanAlo- 
mmxca Bob cuctempt f = fo(x)t+ fi(z) exp(tkz—iwt). Bosmymmenns a1eK T pOMarHATHOLO 
toms MoryT OBIT oByx TunoB: TE a ‘TM-sonnni, otmmuarommecsa nouipw3ainen. Bos- 
mMyiwienua TE-runa ycromauppt [25]. Tucnepcnoutioe ypapnenne ssa TM-somn nomyueno 
“YW Tipopemeno TerambHoe uccmenoBanve ux ycTowuupocru B [23, 24]. B srux paborax no- 
Ka3aHoO, ETO VOMepeuwble KOMUOHEHTH 3IEKTPOMarBUTHOLO NOJIA UMeHOT OCOOeEHHOCTH B 
Touke w — kup{a) = -+w,/yo. Bepxuuii 3Hak cooTBeTcTByeT pe30HaHcy Ha HOpMaJIbHOM 
xpbdexte Jlounnepa, a HyKHMM — Ha avomMambHom. B oxpecTHOCTH pe30HaHCHEIX CiI0eB Te- 
geHne scdeKTUBHO B3aMMOLCHCTBYIOT C 3JIeEKTpOMarHUTHEIMM BonHaMu. I[puuem B culoe, 
re BLINOJHEHO yCOBMe HopMaIbHOrToO 3ddex Ta Lonimiepa, IpOMCXOLUT Normousenue 9Hep- 
TUM BOUTHBI Tak #Ke, Kak 9TO MMeeT MeCTO B OKPe€CTHOCTH TOUKU Wa3MeHHOTO pe3oHaHca B 
HeonHOponHol mia3me [28, 29]. B o6nacru pesoHaHca Ha aHoMasibHom oddexte Jomtmmepa 
BO3MOXKHO YCUNeHMe BONHbI Pe30HAHCHbIM COeCM TeueHM4. 


ImW Y max(SEC') 


1-10° 


0.01 5-10° 


U(MV) 


Puc. 1. | Puc. 2. 


B kauecTsBe UplMepa Ha puc.1 IpelcTaBleHa 3aBUCUMOCTb Oe3pa3MepHoro MHKpeMeHTa 
MarHeTpoHHon Heycromunpoctu IlmW = Imw/w, oT BONHOBOTO 4UMCIa BO3MYMWIeHUs Ts 
Halilpsxenus B imnuu U = 2 MB uw senwamubl anol-KaToquoro pacctosHus 4 cm. Bomut 
cK = kc/w, > K, = 1,56 neycrotunpnr. Ll panuunomy 3HadeHMio BOHOBOTO YMCTa 
kK, coorsercrayer uacrora W = |. C pocrom K uaxpemenT Heycro#umBocTH Obl- 
CTpo BO3pacTaeT M BLIXOLUT MpakTMYeCKM Ha NOCTOAHHOe 3HaveHue, IIpHMepHO paBHoe 
00340. Ouenb cnad6o BEIpPAxKeHHbIM MaKcUMyM HaOsioaeTcs IIpy ie = = .0:2. He puc.Z 
itpeqcTaBlena 3aBUCHMOCTh MaKCHMasIbHoro MHKpemeHta Y = (1MW)max OT HallpsKeHUs. 
C pocroM Hallps#2xkKeHUA WHKpeMeHT MefIeHHO pacTeT, B TO BpeMA Kak Oe3pa3MepHLIli 
vakpement (ImW )mar) HanaeT. Pocr MarHMTHOrO ola B CTalHOHapHOM COCTOAHMM C 
YBeIMYeHMeM HalilpsKeHUA ABIITeTCA OoNee CHIbHbIM, YeEM YMeHbITeHHe GespasMepHoro 
MHKpeMeHTa BCHENCTBME PCIATUBU3Ma TBM KCHUA 31eKTPOHOB. 


IMCHEPCVOHHbIE COOTHOMEHUA U HEYCTOMUUBOCTb 
BPUJIIKOOHOBCKOLO TIOTOKA B JIMHMM C 3AMEVIAIOMEM 
CTPYKTYPOM HA AHOJE [31, 32, 33, 34]. 


B 3aMelIAIOlel CTpyKType KapTuHa HeyCTOMUMBOCTeH OpMIJOSHOBCKOLO NOTOKa CTa- 
HOBUTCH 3HadMTeIbHO Goraye. OTo npex ne BCero CBA3AaHO C BO3MOXKHOCTHIO pacnpocTpa- 
HEHUA B 3aMeNIAWWe CTpyKTYpe MENJCHHBIX BOH Up, < C, C KOTOPbIMM SeKTPOHHEIU 
HOTOK MOXKET HaXONMTbCA B (pa30BOM CHHXpoHH3Me. Bo3sHuKarolllat B TakUXx YCIIOBUAX He- 
yYCTOMYMBOCTL 6yleT IPUBOLMTb kK BO3byKXTEHUIO MHTCHCUBHHIX IeKTPOMarHUTHbIX KO- 
neOanun. UroOur nomyuuTp obitylo KapTMHy HeyCTOMUMBOCTen OpUMMIOIHOBCKOTO LoTOKa 
HeoOXOHUMO ahasIM3upoRaTb TOUHOCe WUchepCuoHHoe ypaBHeHHe. 

Ha puc.3, puc.4 mpencrapsenb! pe3yibTaTbl YMCNeHHOrO pacueTa MMclepcvoHHOro 
ypaBHeHHa B MMIeDaHCHOM IpwvONMxKeHMM Wt MMHMMaJIbHOTO ToKa, B JIMHMM. PaccTosuue 
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MEXILY AaHONOM MW KaTON0M paBHo 1,5cm, BbIcToTa WMadparMbl — 5,1cmM, uepwoy, CTpyKTypbI 
— 2,5 cm. Pe3ynbTaTbI pacueTos TpelcTaBseHbi B BUTE 3aBMCMMOCTeM peallbHOl YacTu 
Oe3pa3MepHOro BOJIHOBOTO YUCIa MW MHUMOM dacTu(Kosppunuentra ycunenua) or Ge3pa3- 
MepHon Yactorn. B obmactu Hu3Kux vactoTt W < | 6punmozHOBCKUM NOTOK ycro#4ue u 
B HEM paciipocTpanaorTcs WBe BONDI. Da30Bax CKOpOCT MeJJICHHOM BOJIHEI paBHa HYJIO. 

sit OTHOCUTeNbHO HM3Koro HampaxeHua U = 1 MB (puc.3) pers 6ricrpoit 6pumsuo- 
JHOBCKON BOJIHEI OOphiBaeTca Ha yactote W = 1. Ora ocobeHHOCTS UMeeT MECTO Tak xe u 
B JIMHMM C riaykuMu crenkamu. B obnacru vacror W > | norox neycrowuus. B ormmune 
OT JIMHMM C PlastKUMM IeKTpolaMy Ha KpUBOM 3aBMUCUMOCTH KOIpPpulnenTa yCuNeHUs OT 
YacTOTh! NOABNACTCA Pe3KUM MAaKCUMYyM. 





[ImA| 
0.10 serene aeetna es tere grer iancar ses : 
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Koo@ounnentT ycunenus (pocrpancTBeHHLIit HHKpemMeHT) yBeMUMBaeTCH IOUTH B 
mBa pa3a. YBeuMYeHMe KOIppunMeHTa ycuseHua OFyCNOBNeHO pe30HaHCOM BOJIHbI Opus 
-JIOSHOBCKOYO TOTOKa C COOCTBEHHOM MeN JICHHOM BONHOM 3aMeniaouel crpyKTypbl. Bue 
pesoHaHcHon o6nacru W Heycrowuupocrh uMeeT Takylo xe IIpupony, Kak uM B MMHMH 
Cc TlaDKMMU cTeHKaMu. C yBenwueHueM UHKpeMeHTa MaKCHMyM CMelllaeTca B OOsaCTh 
Oomee HU3KMX Sespa3MepHEIX YactoT W, a 3HaueHite MHKPpeMeHTa B MaKCUMYyMe yMeHb- 
maercs. | : 

lIpu ynennvenuu Hanpaxenua fo 2 MB (puc.4) nonoxeHnve pesonancHoro MHKpemMeHta 
B OOacTb elljé 6onee HU3KUX Ge3pa3MepHEIX YacTOT uM MepecTaeT lepeKpbLIBaTbcs C O6sa- 
CTbIO CYIMeCTBOBAaHUA Hepe30HaHCHOM MarHeTpoHHou HeycrouunBoctu W > 1. Kpmuszie 
3aBMCHMOCTeN MpoyONbHOrO BoHOBOTO uucna Reh or wactoThi W umeloT pan KavecTBeH- 
HBIX OCObeHHOCTeM NO CpaBHeHMio c riankol wuHMeli Mepenaun. Ipexne scero, mpowc- 
XONMT Tlepeceyenue MW paciilensieHve OLIcTpoi u MenNeHHO BeTBeit OPUNMIOSHOBCKOTO f0- 
Toxa. B touxe W = | o6pntpaerca Menjennas BeTBR KoneObaHMit, a He ObicTpasx, Kak 
B JIMHMM C TiayqkMMM CTeHKamMu. OOmnacTb cyIecTBOBaHMa pe30HaHcHO HeycToitauBo- 
cTu 0,8 < W < 0.9 coorsercrsyer o6nacTu paciiennenua Konebanmit. OGnacth wactroT 
W > 1 coorneTcTByeT MarHeTpoHHOM HeycTomuMBOcTH. 

[pv tanbuelitiem yBenuuenun Halilps2KeHuA NOMOKeHMe MaKcUMyMa KoautuMenta 
YCUN€HUA Pe30HAHCHOM HeyCTOMUMBOCTH CMelaeTCA BHU3 TIO YacToTe, a 3HaveHue MHKpe- 
MeHTa B MaKCUMYMe yMCHbillaeTCaA UM B KOHCYUHOM CYETe CTAHOBUTCA MeHbIlIe MHKPeMeHTa 
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MarHeTpOHHOM HeyCTOUYMBOCTH. : 

CnenyeT OTMeTUT BaXKHYIO OCOGeHHOCTh TMCHepCMOHHHIX 3aBUCUMOCTeM, puBereHn- 
HBIX Ha puc.3, puc.4. B nonomHenme K ByM BeTBAM KoNeOaHul OpMVHOSHOBCKOrO NoTOKa 
Voh < € CYWUECTBYIOT BETBM, COOTBETCTBYTOIIMe ObICTPbIM BOUIHAM C Von > c. Ileppas u3 
uux(6orlee HU3KOUaCTOTHad) — WMKIOTpOHHble konebaHut Ha HOpMaNbHOM Spex Te Hon- 
nmepa W = hV, 4+ 1/7., a ocTambubie — coOcTBeHHBIe dJIeKTPpOMarHUTHBle BOMHBI TMHUM 
nepenatu. Beneyctaue NepvosqM4HOCTH CTpyKTYpbl HOsBMNMCh BeTBY KONeOaHuM, COOT- 
BETCTBYIOWIMe OOpaTHLIM BOHaM: OOpaTHast BOHa Ha HOpMaJIbHOM odipeKxTe Hormiepa 
U OOpaTHEIe dIeKTPOMarHUTHLIe BONHEI WuHuM Mepenaiu. OOpaTuble BeTBU KonebaHun, 
COOTBETCTBYIOUIMe BOHAM OpUIWUMOSHOBCKOrO HWOTOKa OTCYTCTBYIOT. 

Ha puc.5 upupeyena 3aBnucumocTb vactorsi(B [ri) , KoTopom cooTBercTByeT Mak- 
CUMalIbHoe 3HaveHHe KooppuUveHTa yCUIIEHUA pe30HaHCHOM HeyCTOMUMBOCTH, OT Harips- 
Kena (MyHKTUpHad Muuua). C m3MeHeHMeM HalipsxKeHHA B Tpepeltax OT 0,9 MB no 
2,1 MB pesonancHan twacroTa MeH#eTCA BCero MMUIb Ha 2,4%. Taxum o6pa30om, CB4- 
reneparopni Tuna MILO o6nanaioT yHuKaIbHEIM CBOMCTBOM YacTOTHOM CTaOMsIbHOCTH. 
Jlaxke UpM 3HadUTeNbHEIX BapWaluAX HallpAKeHUA B TeVeHMe UMITyJIbCa YacToTa reHepa- 
UMM ocraérca upakruuecku |ueu3mennon. Jlo-BunuMomy, “3 BCero pasHoobpa3uA CB4U- 
reHepaTopoB TaKMM cBoiicTBoM o6nanaet ‘TompKo MILO. 

Ha puc.6 npuseneta 3aBUCMUMOCTbh MaKCMMaJIbHOTO KoopPpHIMeHTa yculeHusn(B cm 
OT IpuNoxeHHOrO Hanupsxenua (yHKTUpHad IuHua). C yRemMueHMeM HallpsKeHMA KO- 
sPPHUMeHT yCueHMA YMeHBUaloTca. OTO OObACHeTCA UBYMA MakTopaMU: BO-TepBEIX, 
C YBEMMYCHHEM Hallps.KEHUA TeveHMe LipUxAXUMACTCA K KaTONY, a, CleTOBATEMbHO, OCIa- 
6nseTcH CFO CBA3L C TOBCPXHOCTHBIMM BOUHaMU CTpyKTypbl. Kpome sToro, WpowcxonuT 
pelATUBUCTCKOe yBeMuueHHe Maccb 91eKTpoHos. Ilpu Hanpaxenuu 0.9 MB xoasdpuun- 
ent ycusenua cocrapnser 4,6 -10-2cem~!. Oro o3HauaeT, UTO Ha nIMHe L & o0cm 
aMIIMTY a BOLI ycuuMBaeTcs IpumMepHo B 10 pa3, a CBU-monyHocts — B 100 pas. Pa- 
30Bad CKOPOCTh YCHJIMBAeMOM BOJIHI B UHTepBale Halpaxennit 0,9 - 2,1 MB MenHseTcs B 
mpenenax ot 0, 6c no 0, 62c. 
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BEiue MEI paccMOTpenM BOMHEI UW HeyCTOMIMBOCTH OpHINODHOBCKOrO TeYeHMA B 3a-_ 
MelJIsollelt CTpyKTYy pe B MHOTOBOJIHOBOM Ipuo6nuxenun. Uneqancnoe npuOmwKeHHH, KO- 
ria B pasloxkeHuM Noel MOXKHO orpanMuuTEcs OcHoBHOM DioKe-rapMOoHMKON, IIPpUBOLUT 
K pe3syibTaTaM, O6o0OUJEHHEIM Ha puc.d,puc.6 (cunomHbie Kpuspie). Wmnengaicnoe mpy-. 
6uuxKeHMe NaeT Gonee BLICOKUe WaACTOTHI reHepaliuv, HO claOad@ 3aBMCUMOCTb YacTOTEHI 
reHepupyeMBIxX Koule6aHul OT HalpmxKeHMA coxpaHseTca. C yMeHbUIeHMeM Hallps2KeHUs 
M@XKITY aHOOM WM KaTONOM MaKCMMaJIbHLIM KoopdunvedT ycusJeHua BO3pacTaeT, M IpH 
U = 900 nocruraer 3nauenua 4,65-10-?~'. Ha 6onbmet uactu paccmMaTpuBaemoro MH- 
TepBalla 3HaueHni HanpsxeHua U MakcuMasibHEli KooppulneHT ycuuenuas, IlOJLy YEHHbIA 
c yuéTom mpocTpaHcTBeHHbIx ProKe-rapMOHUK, HECKON_KO MeHBbUIe, 4YeM MOMYICHHIM B 
uMMenaicHom upu6mmxenuu. Ha uuteppane 900 < U < 1,5 9To oTiNHuMe cocTaBlaeT 
MeHee 10%. | 
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HEYCTOMYMBOCTb SJIEKTPOHHOTO HOTOKA _ 
~B UIMAMM C KATONHOM 3AMEJUIAIOMIEM CTPYKTYPOM [35]. 


a YONA TC NR LY a ee PEF PY ar a reer retains 





JaMelnalollat crpyKtTypa c MadbparMamn Ha KaTole UMeeT Te Ke COOCTBEHHBIC BOJIHDI, 
WTO UM 3aMeNJIAOUad IMMA C DMadparMupopaHHbIM aHOsOM: OpwOsHOBCKMe BETBU KO- 
neOaHuM 3IIEKTPOHHOTO HOTOKa; BETBb KoeOaHUi Ha HOpMalbHOM 2cpex're Jlonmmepa: 
OLICTpble oJleKTPOMarHMTHbIe BeTBU KoNebannit. Heycroiuupoh apnaetcs mMennennan 
OpHJINHOOHOBCKad BETBb KoueOanui. OnnaKo xapakrep HeyCTOMYMBOCTH B OOpatlleHHOM 
MILO cunsuo ornwyaetcs Tpanunnounoro MILO, aro oruérmmpo BUNHO 13 3aBLICHMO- 
cTeu Kooppullmenta yCuNeHUA OT YacTOTh. OnekTponHElit noToK B o6paménuom MILO 
IpwxkaT K CTpyKType. QTO IpMBONUT K CYIeCTBeEHHOMY yBeENMICHHIO CBA3M d1eKTPOH- 
HOLO TeUeHUA CO CIPYKTYPOM MU U3MCHCHUIO KapTUHLI HEYCTOMUUBOCTM OTHOCHTeMbHO BO3- 
Oy KHEHMA IIeEKTPOMarHUTHOrO M3/1y4eHHS. 

Astopamu [35] mposeneHo umcnennoe uccneyoBaHue HeycTomwunpocrn Op HIUIIOSHOB- 
Ckoro NOTOKa B KaTORHOM 3aMeIslouieh CTpyKType B 3aBHCHMOCTM OT BBICOTHI ia- 
parMbl Wit UpuKsanbBaemoro Hanpsxenus U = 1KB..]ina manoit peicor quadparm 
HeyCTOWYHBOCTS B 3aMeIAIOMen CrpykType Bo3HUKaeT pn W > 1. B paccmarpupaemom 
uuTepBane uactoT 0 < W < 15 uHKpemenr pacreér, mpwuém B BLICOKOVAaCTOTHOM obmacTH 
CKOPOCTb pocTa WHKpeMeHTa 3amensiserca. [pu yBenmuenun BEICOTE! uMapparMbl Ha 3a- 
BUCHMOCTH KoSppulMenta yCUJIeHHA OT YaCTOTbI MosBseTcA MakcumMyM. B 9Tom TouKe 
OT OPMMTIOSHOBCKONM BETBH OTIEMIACTCA BCTBb MCIJICHHOM BOMHDI 3aMeJIAIOWeu CTPykK- 
typpt. Maxcumanpyas yvactora MeseHHoi BOMHEI CTpyKTypbl paBna fimar = e/4q.°C 
YBEIU4EHMEM BHICOTEI [MadparMbl ClieKTp WacTOT MeQeHHOM BOAHbI CTpyKTYDPbI CHBUTa- 
eTCA B HM3KOUACTOTHY!O OOacTh. CooTBeTCTBeHHO B HU3KOUaCTOTHYIO OOsacTb CMelta- 
cerca MW TOUKa NepecevcHHA BONHbI CTpyKTYypbl UM OpusimiosHOBCKON BomHEI. Upessnraaituo 
BAKHBIM PE3yIbTaTOM ABIACTCA yBeIMYeHve KOOppuuNeHTa ycumeHusa Gonee sem B 2,5 
pa3a lo CpaBHeHWio To CpaBHeHvIo c TpaguuuonHtim MILO, B xoTropom 3amenyiatolta 
CTpyKTypa pacilonoxeHa aHone. | 
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Ha puc.7 npencraBnenpr WUcnepcvonHble 3aBUCUMOCTH IIA BbICOTI muapparm a = 1,5 
cM. J|na HaHHbIX MapaMeTpoB CTpyKTYpbi HeyCTOMUMBOCTh BO3HUKaeT C OUCH HVU3KUXx 
gacToT Win <1. Ha Kpupoit 3anncumocru Kosbpbunnerta ycunenua OT YaCTOTEI T0- 
ABUIUCh Ba MaKCUMyMa. ONMH COOTBeETCTBYeT CUHXPOHW3MY MEK IY MeMIIeHEHOM BOMHOI 
CTPYKTYpbl U OpVOSHOBCKOM BONHOM, a BYOpoM - MarHeTpoHHOM HeycToituMBocTH. 

Takum o6pa30M, UpMBeneHHEIM TeopeTuueckmit ana NoKa3aJl, UTO KoamdulventT 
ycuueHua B oOpaneHHom cxeme MILO cyujecTsenuo Bpriie, YeM B TpakuMonHol. Dro 
OyTeT IpMBONMTS K CyIecTBeHHOMY IOBbIINeHWIO TeHepupyemow Mottlioctu. CKa3aHHoe 
BbIe YOCMUTEIbHO WOKa3biBaeT NePCUeKTUBHOCTS o6paineHHou cxempr MILO. 


PE3YJIBTATbI UMCIEHHOPO MOJEJIMPOBAHMA MILO. 


llonyamTb nomHyio KapTuHy pa3sBMTMA HeycToiumpocTu, BKIOUAT HEJIMHEUHYIO CTa- 
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IM1O, MOXHO, WPUB/IEKad TONBKO UMCHeHHbIe MeTorbl. UucnenHoe mopemMpopanue paoorTni 
MILO 6n1n0 Bemomneno B paborax [5-7]. OcTanosumca KpaTKO Ha OCHOBHBIX pe3yIbTaTax 
9Tux pabot. Monenuposanue nponogusioch MeTonom ” particles in cell”. 

B pa6dote [5] paccmorpeno MILO, spmonnenHoe B BUTE IMIMHIpWecKOM KOaKkcWasib- 
Holt JIMHUM c TOPpPUpOBAHHLIM aHOsOM. OseKTpOmbI UtealbHoO Nposonsmme. Panuyc avnonza 
W3MeHAeTCA TO 3aKOHY ONM3KOMY K IpxmMoyrosbHomy. bpima BplOpana cTpyKTypa co cie- 
HyIOWIUMM pa3MepaMu BHYTpeHHuil panuyc avona ~ 2 cm, riry6una rodpuposKu ~ 0,79 cM 
‘tepuog, cTpyKTypbi ~ 1,4 cm, pammyc kaToga — | cM, pasMep aHog-KaTONHOro OUR VE 
1 cm, mua cuctempi— 19 cm, auiuHa 3amMennatomel crpyKTypi 14 cm. K anon-KaTonHomy 
IpoMexyTKy MpusioxeHo HatipsxeHue 0,6 MB, nocrarousoe Ta BOSHUKHOBeHHA Ha Ka- 
Tole B3pBIBHOM »Muccun. Tok seKTponHoro nytKa cocrapnan 7,9 KA. Monenupopanue 
moKa3ano, YTO B TaKOlt CUCTeMe IIpOUCXORUT MHTeEHCMBHAA TeHepatMsd STIeKTpOMatHATHOTO 
u3nyuenud. Kone6anusa HapacraloT IpumMepHo 3a 2 Hc. Cnexrp koneOaHuM — UiMpoKun u 
uMeeT MaKcuMyM Ha tacTore 6,6 [[n, aro coornercrsyet Amuue Bonub © 4,5 cm. Bosby- 

KTaeMast BOHa paciipocrpaHsetca B TY 2Ke CTOPOLy, YTO uM weKTpouHEI noToK. [loroK 
HaXOMMTCA B CHHXPOHM3ME C OCHOBHOM IpocTpaHcTBeHHOM PapMOHUKOM CrpyKTypbl. Kak 
CNelyeT U3 WMHeMHO TeopHuM HeycTOUUMBOCTH OpMAMOSHOBCKOrO TeUeCHMA B 3aMeLJIAIO- 
Ten crpykType, yxe Ha HavanbHoll craguu Tpanuila seKTpOHHOTO TedeHMA BO3MYIia- 
erca. Ha Heit BosHMKaloT OyropKH uv BHanunbl. Ha Herunennon cranuu dopMyjAMpyeTca 
clloxkHoe [BYMepHoe TeyeHve, MOyupoBanHoe Bo30yKTacMokK BoHOM. Bricrymsr ci10# 
OCTUraIoT aHoma. Upenemiste pacueTh MoKka3asiu, TO ONTHMaIbHBIM ABIACTCA WHTEP- 
Bam Hampaxeuni 0,15 < U < 0,5. Upu 66npmnux nanpsxenusx U > | MB mpoucxogut 
yMeHbieHve MHKpeMeHTa HeycToituuBoctu. C mpyrow cTopoHbl c yMeHbIleHvemM anon- 
KaTORHOTO IpOMexKyTKa MHKpeMeHT BO3pacTaeT. OGa TocnenHux PakTa HaxonATCA B 
KAaYeCTBEHHOM cormacnu c pa3Bu Tol B IpembLAyuIemM pa3zfese HemmHenuoh Teopueh MILO. 
HeonTuMi3upoBaHHbli KIL reHepatopa cocTaBsanl nopanka 5%. 

NeraibHoe wicheHHoe WccnepoBanHe pexumMos paovoTbl MILO npopeneno Takxe B pa- 
Gotax [4, 5|. PaccmorpeHnl suuuM c pa3sHow TeoOMeTpHM: MWockad, KoakcMasIbHad, KOH- 
ueuTrpuyeckas. Ha anogpl Hanecena rpe6éuka. Hpusengem pesyibraTbl MogeMponanns 
reHepallMuM WIEKTPOMarHUTHOTO W3IIyYeHuA B IWIOCKOM MMHUM CO CHeqyIOuUIMMU Mapame- 
TpaMU: aHOl-KaToHb upomexyTok d = 2,5 cm, Bbicora rpeberku — 7,5 cM, Mmepwor. 
cTpykTypbi ~ 2,5 cM, Tommuna WiacTuHpr rpebenku — 0,625 cm, aco pe3s0HaTopoB — 
8. Jluuva pa3omKHyTa Ha BbIxonHOM Konue. UpunoxenHoe HanpsxKeHMe cocTaBaeT 900 
KB. Uncnenuoe Monemupopanue noka3a0, UTO B MHMM POpMuUpyeTcaA MarHMTOM30NMpo- 
BaHHoe TeveHue. B3saumonelicTBue 9Ne€KTPOHHOTO TeUeHUA C 3aMesJIAIOIenM CTpyKkTypow 
UpHBouMT K BO36yxXTeHuIO KonebaHul. Lon neiicTBueM -MarHMUTHOTO HM BbICOKOYAaCTOT- 
HOTO 3IeCKTpUUeCKOrO Wome WpoucxoNUT Wpelid) seKTpOHOB MO HallpaBNeHMIo K aHony. 
B pe3ympTate, Kak MU B MafHeTpone d@opMupyioTcs seKTpOHHBble couupl. B oTumine of 
MarHeTpoHa MarHUTHOe Tone co3laeTCaA TOKOM B JIMHUM HW OMpesleseTCA MpMOAKeHHbIM 
HalpsaKeHueM MU reoMeTpvelt WuHuu. CrekTp Konebalui wMecT MakcHMyM Ha YacroTe 
0,89 PPn. Ina TOM YacTOTb! BbICOTa rpebeHkH - CM COCTAaBIIAeCT IpMMepHO YeTBEPTL 
[JIMHbI BOJIHBL. 

BaxHoit ocobennoctp10 MILO sausetca cnabas 3aBMCUMOCTE rewepupyemou YacTOTbI 
oT Halipaxenua. B uncnenHom skcnepumeute [7] paccMoTpeH Tak2Ke Cily¥al, Kora Ha- 
lips2keHue 3a 150 ac mmneituo Hapactaso oT 0 no 1,5 MB. Vesepauma po3HuKkata c HeKo- 
Topol 3avepXKOM Upu FocTMxKeHUU HanprxKeHnaA 200 KB, nocrarounoro Aa NocTUAeHUA 
B3PLIBHOM smMuccuM. Bo pcém pabouem uHTepBase Halpsxennsa 0,2 <U < 1,5 dactora 
reHepMpyeMBIx KoneOanui MpakTuuecku He u3MeHsNacb. JImHeMHaa Teopua MpecKa3bl- 
BaeT Takylo xe ocobeHHocts MILO. OGuapyxeno Tak xe, UTO Ip U3MeHeHMM HallpsxKe- 
“HMA OYE. cabo w3MeHseTcA BenuuMHa Ed/U, rne FE —- amunutTyna 9ekTpMyeckoro Moa 
Kone6anul. Takum o6pa30M, amimutryia reHepupyeMbIx KonebaHuM IpomopiMonasibya 
(IPUJOKeCHHOMY HalipsxKeHuio. Pe3yibTaTbl UACCHHOFO MOMC/IMpOBAHUA HaXONATCA B XO- 
polleM corsacnu c DaHHEIMu 9KcHepuMenTos [6, 7]. 
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GENERATION OF UHF OSCILLATIONS IN SLOW-WAVE STRUCTURES 
UNDER MAGNETIC SELF-INSULATION 
Balakirev V.A., Markov P.1., Sotnikov G.V. 
NSC “Kharkov Institute of Physics and Technology” 
— Kharkov-310108, Ukraine 
| Tkach Yu.V. 
Institute of Electromagnetic Investigation 
5 Pravda Ave., Kharkov-370022, Ukraine 


The review of state of modern investigations of the microwave generation and amplification in slow wave coaxial 
transmission lines under magnetic self-insulation are carvied out. The slow wave structure is the coaxial transmission line 
with comb-shaped diaphragms placed on the anode (anode SWCTL) or on the cathode (cathode SWCTL). The Brillouin 
flow is created by means of emission from cathode and further selfconsistent dynamics in electric and magnetic fields. The 
investigation of the flow instability shows that interaction efficiency in SWCTL is significantly greater than it is in CTL with 
homogenious boundaries. 
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OPA 1 MOAEKJI6 KOPEPEHTHOIO DIEKTPOHHOTO 
TPAHCTIOPTA C CAMOOPTAHK3ANMENM B HAHOCTPYKTYPAX 


V.M.ABPAMOB, A.JLJIAHMJIIOK 
benopycckuu 2zocyoapcmeennoitt yuueepcumem unq@opmamuru u paduoaneKMpoHUKu, 
benapyco, 220027, Munck, IT. Bpoexu, 6. 


AHHOTAUUA 
Pa3BuT HOBbI MPHHIIMM KOrepeHTHOrO WICKTPOHHOTO TpaHcHopra c caMoopraHu3aluelt B 
HaHOCTPyKTypax C MPOM@XKYTONHEIM MOJYMpOBOAHHKOM Tip KOMHATHBIX TemIleparypax. 
Pa3paOoTaHa Moves Jit pealMsalluu 3Toro NpwHuMa. PacueT No TpewoxenHOK Moyem 
HpoBeyeH WIA CYpykTypbi Metami- TonKuii MSICKTpHK - HONYNpOBOWHUK p- Tura. 
OcylijecTBIeHO CONOCTaBNeHHe pe3yIbTAaTOB MOJeIMpOBaHuA C M3BECTHBIMM JaHHEIMH, 


NOATBCDKTAlOWINMH ClipaBesIIHBOCTb MORECIIN. 


1. BBENEHHE 


Tlouck HOBBIX u3HueCcKHxX MexaHH3MOB OOpaGoTKu MAopMalHM B  HaHOCTpyKTypax 
ABNACTCA B HACTOMIUee BPeMA Kpaiine BaxHOK sanaueli. MepcnexruBHsIM WIA JTOM IjeuH, B 
YaCTHOCTH, ABIACTCA OMHOSICKTPOHHOS TYHHeTMpoBaHHe (KyOHOBCKad OmoKaya) [1-4]. 
Mexanv3m OHOINIEKTPOHHEIX konebaHuH ycTOwaMB TOKO pH Kpaiiwe Hu3KHX 
Temmepatypax [4,5] u c MOBBIMIeHHeM TemnepaTypsI HeoOxogzHMMo CYUJCCTBCHHO YMCHbIUAaTh 
pa3MeppI TYHHeNbHOTO mepexoya. Llosromy akryaBHon 3ayauet Npesctapiaerca paspaborKa 
Ha©KHOTO MCXaHH3Ma KOFepeHTHOTO SBJICKTPOHHOTO TpaHcnopTa MIA Ciydyad BbICOKHX 


Temulepatyp (oKoy0 300 K u Bpuute). 
2. TPMHUMIT KOTEPEHTHOLO TPAHCIIOPTA C CAMOOPIAHV3ALHEN 


YueT BpeMeHHOH AMCHepcHu [IA BNCKTPOHHBIX TepexoOB MexKY cocrosHHaAMU 
SIIEKTPOAOB HM CBOHCTB (epMHOHHOM CHCTeMBI TpeOyeT MepecMoTpa NpHHUHNA, Wexallero B 
OCHOBE KOrepeHTHOTO TpaHcnopTa B HAaHOCTpyKTypax C IIPOMeXYTOUHBIM MOJyNpOBOAHHKOM 
(MS). Sror npwanun Moxer Onrth chopmynuposan crenyloujM o6pa3om. Jina NosyIeHHA 


KOTCPCHTHOTO TpaHChopTa B YCJIOBHAX XaOTHYHOCTH OTICIbHBIX IHCKTPOHHBIX WepexowoB 
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IPM MOBbINIeCHHBIX TeMiepaTypax HeoOxOJUMO Co3qaHHe ycHOBHH Wis camoopranu3anun 
QI€KTPOHHOTO TepeHoca 10 MeXaHH3My HakomWieHus QNCKIPOHOB B ONpeseueHHEIe 
MIpOMOXKYTKH BpeMeHnu Ha cocTosHusx MS w Mx reHepallMM Ha COCTOSHHA 3ICKTPOAOB B 
nocmenyroute IIPOMOKYTKM BpeMeHH. VKa3aHHElll MCXaHH3M B pacCMaTPHBaeMOM CTpyKType 
MOKeT OBITh peauiu30BaH TIpH HawH4HH CiLyYaMHOTO XapakTepa SJICKTPOHHBIX Tepexoos, 
CCIM YUMTBIBACTCA B3AHMONCHCTBHe SNCKTPOHOB C COCTOAHMAME MS, KyNOHOBCKHe 
B3aHMOJeCHCTBHA, 3aXBaT, rerrepanus WM peKOMOHHAlMA SIEKTPOHOB H JEIPOK Ha COCTOAHMAX 
MS. Yxa3aHHai caMoopraHusallMat CONpOBOAWeeTCA BO3HHKHOBCHHEM He3saTyxaloliyux 


KoNeOaHHii 3apsja Ha cocToAHHAX MS wv TOKa Yepes CrpyKTypy. 
3. MOJIEJIb 


OueKTponHEI mepeHoc B HaHOCTpyKType THMa NOyMpOBOWHMK - RMBICKTPHK - 
NOJYHPOBOJHHK - AHOVICKTPUK - MOMyNpOBOAHHK (SDSDS) wa ocHose ccbopmynuposaHHoro 
IIPHHIWEAa KOrepeHTHOrO TpaHcHopTa B KBaHTOBOM cCJlydae OMMCbIBacTCA orpyONeHHbIM 
CTATHCTHYeCKHM OlepaTopom [6,7], KOTOpLIi Ip OTCYICTBHH CTOMKHOBCHHM CBONMTCA K 
CHCTEMe CaMOCOrlacoBaHHbIX YpaBHeHHH KMHETHYECKOTO 6anauca. 

C yaseTom mpoyeccos 3alomHeHua cocrosHuli MS anekrponamMM WM ABIPKaMH, a TaloKe 
[IPOUeCCoOB ux pekomMOunaunu Ha MS, ypapHenua KuHeTHuecKoro OanaHca B SDSDS 


CTpyKType Mua i-To siexTpoHHOTO HU j-TO WbIPOUHOTO cocrosHHi Ha MS 3anntytca B 


BHC: 
dN. | | 
vA - pe — By Ni + Pe Nome ~ Foie > P.N,N,), (1) 
kk 
dN, | | - 
/ dt = LEAN AN, + Bopp — Bip, — FN, v,}, (2) 


rye P,,,P,- BepoaxTHOcTH upamMoro uv oOpaTHoro MepexofoB oeKTpoHa U3 k -FoO 
COCTOMHHA WepBoro aueKTpowa Ha i-oe cocrosHue MS coorsercrBeHHo, F,,, Pry: 


BEPOATHOCTH MpxMoro HM ObpaTHOTO SJIeKTPOHHEIX HepexonoB u3 &k' cocToaHHa Broporo 


gneKrpoya Ha i-oe coctorHue MS coorsercrsenno, F,,F 4, Ap). Pj - AaHaNOTW4HBle 
BEPOATHOCTH JIA TbIPOUHIX WepexoNOB H3 / -FO COCTOAHHA SNCKTPONOB Ha / -€ COCTOAHKME 
MS, N,,,,N2,.,: 7 4HenoO aekTpoHop B cocTosHuH ku k' ja Tepporo HW BTOporo 


WICKTPONOB COOTBETCTBEHHO, NV, 


1 Nop ~ NACHO WbIPOK B cocTosHHH / u /' AA HepBoro 
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BTOPOro SIEKTPOTOB cooTBeTcTBeHHO, N,,N, - 4HcuO 2IeKTPpOHOB H ABIPOK B i-omM HU | - 


OM cocTosHHax MS coorsercrseHHo, P. - BeposTHocTh pekoMOMHalMOHHBIX 2IeKTPOHHO- 
J{bIPOUHBIX TepexoyoB Ha cocTrosHuAXx MS. 
‘ucno repexojos B eqMHMIy BpeMeHH B HempepEIBHOM clieKTpe Mexay Hayanbust |n) u 


KOHe4HEIM |) cocrosHusmn ya SDSDS CTpyKTypbi B OOLiem Bue 3almMieM Kak [8,9]: 
dP,,, = (2n/h)5(E, ~ E,, )Kn|T|m)| dv, (3) 
re (nl T)n) - MaTpHUHBIM SICMCHT Nepexosa W3 OHO WeKTPOHHO! MOACHCTeMBI B Apyryto, 
Ope eIACMbIN U3 pelieHua ONeparopHoro ypaBHeHuaA: 

T=V+V(E-Htie)'T, (4) 
3necb H - raMMieTrornnart WByxX Noycuctem, V - onepatop B3aMMOeCHCTBHA JBYX MOJCHCTeM, 
_ obycnapmmparoumit nepexont, E,, -sHeprua cocroanus |7m),E, - sxepras cocrosnua |n), 
€ - Manas NONOAKUTEMbHAA ReMTUMHa, oSecneumBaronlat CXONMMOCTb, V,, - COBOKYIHHOCTB 


MapaMeTpos JVIA NONHOTO Olpenentenua cocTosuusA. J\1a HenpepLIBHoro cileKTpa HMeeM: 


dv,, = g(E,, )dE,,, (5) 


rye g(E,,) - WIOTHOCTS COCTOSHHH, COOTBETCTBYIOINaI 3HeEPIUHt Ei 


Martpw4Htle ayieMeHTBI Mepexoyon B (3) onpeyeuMOTCA B 3AaBHCHMOCTH OT BeNIMUMHEI 
onepaTopa B3auMoyeiicraus. Ec omeparop V Man, To pellicHue onepaTopHoro ypaBHeHud 
(4) ompenenaercs MeTOJOM TocieOBaTebhHBIX npuOnmxennit. lip Oonbnmmx 3HayeHHax 
V weoOxoquMo pemlaTh MHTerpambHoe ypaBHeHHe, COOTBETCTBYIOWee ollepaTOpHomMy 
ypaBHeuni (4). | 

Micxona m3 ypapHennii (1), (2), (5) mocne cymMMuMpoBaHHa 0 BCeM HayanbHbIM Hv 
KOHCYHBIM CCCTOAHHAM PaCCMaTPHBaeMOH CTpPyKTYpbl TONyYMM cHucTeMy ypaBHeHMi Wis 
IJIOTHOCTEH SUeEKTPOHOB HW AbIpOK Ha MS B yanHEtit MOMeHT BpeMeHH B BUJe: 


(dn/ dt)(2n/ hy? = 
= f[Prnl Sn EDS (EDS m(E)[1- f (ED dE dB 


— JJ aml Sin) = $B] San EDS (EAE dE 











2 | (6) 
+ |] WFroml Son(E")S(E" 8mm (E)[1= f(E)]aE dE 
2 
~ JJ \Fanal Son (E" [1 — f(E")] 8,n(E)f(E) dE dE" 
2 
[J Wont om EL ED] Sm EDS) aE aE, 
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(dp | dt)(2n/ ny” = 

= [fond Sip EDSED8 pp (E)[L~ SEE a 

~ JJ on (FIL — f(E)| 8 p(E)f(E' dE dE'+ 

+ Jf Pjonl Bap B"IS EDS a EN SE") |AB dB a) 
7 I} Wma g, (E")[1— f(E)| &_,(E)f(E") dE dE"'- 


— f[Ppal Sn E')[L— f ED] Sn EDS CE AE aE 


W. 


nlin| ? 

















We 2 


W, 


nmi 


~ M@TPHYUHBIC STCMCHTLE TepexoOfia SICKTPOHOB C cocrosHHit 























rye ; 


al I Wom 








; Pana 


lepBoro H BTOPOro B7eKTpoyoB Ha cocTtosanHa MS u obparuo, AMA ; Wn Jw Wom 





an ATOR AO: it MaTPMUHbIxX SIICMCHTOB JbIPOUHBIX LCpexOOB, IW, pn - MaTpHIHple 


SIIEMCHTHI STICKTPOHHO-ABIPOUHBIX Tepexoya B pe3yJIbTaTe peKoMOnHallnH Ha COCTOHHHAX 


MS, g,,(E),8.,(£)- WIOTHOCTH 3JICKTPOHHEIX COCTOAHHM It MepBoro HM BTOpOroO 
QIIEKTPONOB COOTBETCTBCHHO, 8,,(/),8,,(4) - MWIOTHOCTH JbIPOMHBIX COCTOAHHH § JIA 
HepBoro HW BTOpOro IICKTPOAOB COOTBETCTBCHHO, f(E)- ynxuua 3aonnenns 
QIeKTpOHHEIX cocrosHui, g,,(E),g mm(L}- TWHOTHOCTH SJICKTPOHHBIX H J{bIPOUWHBIX 


coctosHuii MS cooTBeTcrBeHHo. 

Honydenuasi cucTeMa ypaBHeHHli (6), (7) omachrBacT B OOMeM BHe KMHeCTHKY 
ZalOHECHHA BICKTPOHHBIX HW IbIpOUHEX cocrosHul MS Bp SDSDS crpyxtype. Marpyunsie 
SJICMEHTLI B ypaBHeHHax (6), (7) OMpexesOTCH IpO3padHOCTLIO TYHHCIBHEIX Oapbepos, 
omlekTpHtieckuMn TOmAMH Vi MCXaHH3MaMu BO30yKTEHHA paccMaTPHBaeMBIX COCTOAHHK. 

UacTHbIM  cilyuaeM  MONyaeHHOM CHCTeMbI! ypaBHeHWH ABNACTCA MONCIIb 
OWHOSIeKTpoHHOrO TepeHoca JIuxapesa [3] pk ycNOBMH, YTO CHCTeMa SIICKTPOHOB Ha 
9ekTpoyax HaXOWMTCA B paBHOBeCHH, MATPHYHbie IICMCHTbI TYHHeIbHOrO Wepexowa 
OMpexenmOTCA B THepBOM TopsqKe Teopun BOSMYUICHHH, Y4HTEIBAeTCH TOKO 
TYHHEAMpOBAHHe Mey COCTOAHHAMM SICKTPOAOB, B3aMMOJ/eCHCTBHCM TYHHeMUpyIowx 
QIeKTpOHOB c cocTosHHimMa MS mpeHeOperaetca. [lepexoa K ypaBHeHHaM JIuxapesa 
OCYIICCTBIACTCH, eC CyMMHpOBaHHe BeeTCA TiO BCCM HadaIbHbIM M KOHC4HDIM 
cocrosHuaM 6¢3 sBHOrO Mepexoya K COCTOSHHAM HelpepbiBnoro cueKtpa. Hpu 9Tom 
MHTerpaibl B Popmyse (6) pactayaloTcd Ha NpPOWSBeMeCHHe BepOATHOCTeH TYHHECJIbHBIX 


mepexoyos I, morHocteli seKTpOHOB Ha JNICKTPOMAX Ne M SICKTPOHOB, COBCPIMAarOWIHXx 


‘ 4 8 Marepnaant 6-f Memaytaponuoli Reamcxoit Mapowoanonolt Kenpeperm ReeraRo'G6. 16-19 centa6pn 1996 v., Cenacronoan, Kpnim, Yxpanna 
Proceedings of 6th International Zeemean “Mécrowave Ganference GrerHila'G6. 16-19 September 1996, Sevastopol, Crimea, Ukraine 








TYHHCJIBHBIe Tepexoypr n. C yuyeroM ckKa3aHHOro JIA OJMHOUHOTO Tepexoyza TWowy4HM 
MHTerpayibHoe ypaBHeHve MepeHoca, COOTBETCTBYLOllee WHCkpeTHOMYy ypaBHeHHt1o JIuxapesa 


(31, KOTOPOe HMECCT BUI: 














(dn/ dt)=(2n/h)(T,,n, -T,n), (8) 
. cei | 
My = Jf apf 6 (EE) dE" dE, (9) 
n= Je(EDS(E) dE, (10) 
Py, = ff |u| 5 (EE) ded, | (11) 
n= | &,(E)f(E) dE. (12) 


4. PE3YJIBTATbI PACYUETOB UW UX OBCYIKTEHWE 


B kavecrne TepBoro npHOmmKeHHA pealu3alun NOyIeHHOH Moe paccmarpupasics 
- QUIEKTPOHHEM TpaHCHopT B CTPyKType MeTAMI - TOHKHM WHOTeKTPUK - MouyHpoBomHMK p - 
Tua IPH ycoBuH, aro Oapbep Ha TpaHHe MeTaWI-QuseKTpHK HY3KH, MWIOTHOCTS 
TIOBEPXHOCTHBIX COCTOAHHH Malia, WM3NCKTPHK COMepxKUT Ha paccTrOsHHH s OT rpaHHIbl 
pa3yela C MeTaJIIOM JOHOPHBIe MW aKIelTOpHble MOHOSHepreTHyecKHe cocTosHuA. ToK B 
CIpyKType onpesemierca TYHHenBHBIMH TlepexoaMu HOCHTeeH 3apaa Yepe3 aKICHTOpHBEIe 
MW JOHOpHEIe COCTOAHHA B AHONeKTpuKe (CJ) u 30HbI HoOyIpoBOorHHKa. Pacnpenenenne 
3apayla Ha COCTOAHHAX B JM3ICKTPHKe MOeMpyeTcaA 3apsKCHHOM MIOCKOCTHIO. DHeEprusr 


aKICHTOPHBIX COCTCAHHH £,, IIpw IpWioKeHHH NOCTOAHHOTO BHelHero NoTeHwuMana 
COOTBETCTBYECT 3alIpeLICHHOM 30HEe, a IHCPlHA HOHOPHBIX COCTOAHUK LE ,, - BaeCHTHOM 30HE. 
C y4eTOoM NPHHATHIX IpeyMONOKeCHHM CHCTeMa ypaBHeHHH Id ckopocTeli H3MeHeHHA 


IMIOTHOCTeH 9ICKTPOHOB H ALIDOK Ha CJ], BplrexarommMx U3 (6), (7), HMeeT BUT: 


dn, 


Gp = Gna Nn Trattm|l = N,N, (n,)\- nll, ~ KRM P, : (13) 
dp, _. : | 
ae 7 06 NN TalPso exp(—oY;) —(p, /N)N,1-B,p, ~ Kp, P, — Oak RP Tham > (14) 


THC O,q,O%,q~ KOOPPUIMCHTHI 3AXBaTa SICKTPOHOB Ha akIlelropHble HM NonopuBie CI, a, - 
KOSPPULMEHT 3axBaTa AbIpOK Ha WoHopuBIe CJ], N,,,N,,- WNOTHOCTH aKWelTOpHEIX u 
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nonopusrx Cl, f,,8,- KkoobpuiMentTs! Tensopok oMMCCHM SeKTpoHOB MH DbIpoK c CII, 


ia 


na ? 


7 ,- tpo3spauHocTn TYHHENEHBIX OapbepoR pH Mepexoye IICKTPOHOB H3 MeTaliia Ha 
akWenTOpHETe H WoHopuEre C/I, T),- npo3paqHocTs TYHHeJbHOrO Gapbepa pH Nepexoye 
JbIPOK HW3 BayleHTHOM 30HbI Ha yoHOpHBIe C){, A, - kosdpunnent pexomOnuannn 
SIICKTPOHOB HW JIBIPOK Ha CI, N.,.%,7 WIOTHOCTh COCTOSHHH MW MWIOTHOCTS 9IeKTPOHOB B 
MeTayle, COOTBETCTByLOWIMe 3HepruH akienropHEx C/I, p..- MWIOTHOCTB bIPOK y 
MOBEPXHOCTH NONYIpOBOAHHKa B OTCyTCTBHe KoNeOaHHl 3apaga CJ], OY,- uw3mMeHenne 
MOBEPXHOCTHOTO NOTeCHUMAa NONyNpOBOAHNKa IIpH u3MeHeHuM 3apsya Ha CJI, (OY, <0), 
N,- IIMOTHOCTE COCTOAHMI B BaeHTHOM 30He NOJYHUPOBOTHHKa. 


TipospauHocTtu TYHHCIbHEIX OapbepoB onpezensem B NpnOnmKenuu Beuriena - 


Kpamepca - Bpwumosna: 


v(x)}}de |, (15) 





p) AY | 
I, = EXP 7) 2m{U(x) — E—q’|a— s(n, ~ P; A / 2€ €, 1 — 


roe A- nocrosHHad IInanxa, E, U(x) - sHeprua TyHHeNMpoBaHuA MW NOTeHI{MaIbHbIN 


Ipomuib TyHHembHorO Oapbepa B OTCYTCTBHM 3apiga Ha C/I], m- sbdexTupyaa Macca 


SNeKTpoHa, rye €,,€,- aOcoMOTHad HM OTHOCHTeIIbHad TMOeKTIpHdeckne NpPOHHWaemMocTu 
BaKyYMa H JJM3JIEKTPUKA, ¢ - 3apAN BICKTPOHA, W - PyHKWMA pactipexeneHud NOTeCHUMAIbHOW 


sHeprun sapana CJ, a= 0 np TyHHenMpoBaHHHn 2NeKTpOHOB u3 MeTama Ha CJ, a=d mpu 
TYHHCUMpOBaHHH H3 TOuyNpoBOsHHKa, d - TONUMHa JMoTeKTpUKA. 

Tox gepe3 CJ] nponopnMoHanen CKOpOCcTH 3aXBaTa 3ICKTPOHOB 43 MeTalIua Ha C]i wim 
CKOPOCTH 3aXBaTa JBIPOK 43 TlosympoBoyHHKka Ha C/I. Peanw3auna KoneOaHui TOKa B 
paccMaTpHBaeMOM CJIydae OCHOBaHa Ha CYINe€CTBOBAaHHH YyCTOM4MBBIX MWepHOAH4eCKHX 


Konedannn 3apana CU, O, = q(n, — p,). BO3HMKHOBeHHIO aBTOKOeOaHH W3 CTallMOHapHBIXx 


COCTOAHHM Ip MaTeMaTH4ecKOM ONMCaHMM OTBeYaeT OudypkKalluaA pooKTeHHA WUKa, WIM 
Oudypkaina Xonda (1 QO]. IIpopeqeHHEle pacueTh! MO3BONMIIM yCTaHOBUTh, ATO Nowy4aenHaA 
- CHCTeMa ypaBnennii (13)-(15) qomyckaeT ycroiunppie MW HeycTOWuMBbIe Tepvomuueckue 
PeIleHudA NPW pa3zsIMUHEIX 3HaYeHHAX Mapametpos. II[puH sTOM OTHOCHTeIbHad BeNMUMHA 
I(t) koneOaHww Toxa yepes CJ] cocrasnaer 5-100%, a OTHOCHTeIbHad BeIMUnHAa 


O(t) koneOanui 3apaya Ha CJ nocturaet 70-80% 8B yuana3ouHe uactot oT 10 Tu yo 5 MIn. 


MexaHv3M BO3HHKarolMx KONeOaHHH COCTONT B cCHeyyrollem. BHayalle MpoucxoyUT 


HapacTaHue aMIIMTyAbI KoneOaHuit SIeKTPOHHOYO 3apaga Ha CJ], Tak KaK CKOPOCTb 3axBaTa 
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QJIEKTPOHOB TipeBLlaeT CKOpoOcTh 3axBaTa peIpoK ua CJ. C nopbunesuem moTHocrn 
SNEKTPOHOB Ha CJ] 3TH CKOpOcTH BO3pacTaIOT H B KaKOW-TO MOMCHT BPeMeHM OKa3bIBaeTCA, 


"to (dp,/dt)>(dn,/dt) u amnnuTyna Kone6anuit siexrponnoro 3apsna Ha C/I naunnaer 


| YMCHEMATECA. OHOBPEMEHHO pacTeT CKOPOCTh pekoMOMHALIMN 3eKTPOHOB M ABIPOK Ha CJ] 


C pocToM Ux mwOTHOCTeH. PekomOnuHaliia mpuBOMT K YyMeHbINeHHIO MNOTHOCTEif 
SIICKTPOHOB HM AbIpoK Ha CJ HM cCHOBa HacTylaloT ycNOBHA, KOrWa CKOPOCTA 3axBaTa 
SJIEKTPOHOB CTaHOBHTCA OONbIIe CKOPOCTH 3aXBaTa JIBIPOK. 

B kauecTBe mpMepa paccmotpena crpyxtypa Al-SiO2-p-Si np KOMHaTHOM Temmepatype. 


3 rommuna yusnekKTphxa 2,0 HM. 


KontenTparm pbipok B oGbeme Kpemaua 2 10 cm 
Iinotnocts C/I (1-6)10! cm”, Brtcota Oapbepa Ha rpaHute MeTAaII-(U3eKTPUK 3,2 3B. 
BesmunHa mpaxmoro HOCTOAHHOTO cmellenua 0,1-0,6 B. B 3aBUCHMOCTH OT WapaMeTpoB 
CIPyKTypbl - Kome6anna XapakTepH3yI0TCA nepHowom 0,01-1,0 c, a w3mMeHeHua BenMuHH 


I(t)“ Q(t) coctasnsaer, coorgercrBeHHo, 50% u 70%, puc.1,2. 


[it TMOATBep»KTEHHA NPOBECHHBIX PacdeTOBR OTMCTHM SKCICPHMCHTAIBUBIe pe3ybTAaThl 
padotn [11], rae M3YYCHbI TEMIepaTypHble 3aBHCHMOCTH HU3KOUACTOTHEIX dbuyKTyaunit 
comporuBienus aHaylorm4Hou cTpyKtypsr Al-SiO2-p-Si uw ycraHoBseHo, 4TO ero H3MeHeHHe 
wocturaet 10% wu Oonee. B cooTBetcTBHu c TipeqoxeHHOM MOoembIO pe3ynEtater [11] 
OOBACHAIOTCH TEM, 4TO NOBbINeCHHE TeMMepaTypbI BeyeT K CaMOOpraHH3auMH Mpoweccos 
nepeHoca HOCHTeNeH 3apsaa, KOTOpad XapaKTepv3yeTCA BOSHHKHOBCHHeM KoeOaHHit 3apsna 
M Toka yepe3 CJI. Bxnag srux xKoneOannit B BelMaMHy oOmero ToKa 3aBMCHT OT 
COOTHOIMNeHH MeExy TOKOM 4epe3 CII u TOKAMH Yepes BaICHTHy!O HU 30HY MpOBOHMOCTH, 
KOTOpBI¢ HM OMpeeIAIOT aMIVIMTyy HM3KOUaCTOTHEIX MyKTyalMi conpoTuBNenns 
ctpykrypil. [lomyaenusie pacuerusle JaHHble sl OTHOCHTeIBHOM BEMUMHBI TOKAa yepe3 CJ] 


Hpw ONPCHCICHHbIX 3HAYCHHAX WapaMeTpOB COrlacyloTca C 9KCHeCPHMeCHTaJIbLHbIMH 


pe3syibtatramu padortsl [11], puc.3. 


Takoke, Ha Halll BSria, C MOMOLIEIO NONYICHHOH MOXeIH OOBACHALOTCA pe3yiIbTAaTHI 
padotsr [12], B KOTOpOH H3yYeCHEI HU3KOUACTOTHBIC OCIIMIIAUHM akTHBHOM MpoBoyMMOcCTH 
CTPyKTYpbI M3 HAHOMETPOBEIX KPCMHMEBBIX YACTHY, MOPPyKeHHEIX B AMOPPHYIO MaTPHILy 13 
OKCH]]a KpCMHHA IPH KOMHaTHOM Temilepatype. B stom ciryyae B OCHOBe KOrepeHTHOTO 
TpaHcnopta OKT CaMOopraHH3auua mpomeccos oOMeHa HOCHTeIAMM 3apaya Mex 
SIEKTPONOM WH KpCMHHeCBLIMH KacTepaMu 4epe3 COCTOAHUA B WM3IeCKTPUKe TO MeXaHH3My, 


ONHCAHHOMY BBIIIHe. 
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0 10 20 30 40 50 t/ty 


Puc.1.Kone6anua miorHocra ToKa B crpyKtype Al-SiO2-p-Si (tf, = 0,045 c). 
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Puc.2. KoneGanna 3apana Ha CJ] 8 crpyxtype Al-SiO>-p-Si (ft, = 0,045 c). 
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Puc.3. Kone6anua Toxa B crpyKtype Al-SiO>-p-Si: (----) - pacuernpie Manupre, (C1) - 


aIIPOKCHMallMa IKCIePHMCHTAaNbHBIX WaHHBIX [11], (tf) = 0,070 c). 
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5. 3AKJIFOWEHHE 


IIpeqo2%KeH TIpMHI[MM KorepeHTHOTO 93eKTPOHHOTO TpaHciopra c caMoopraHu3auuelt 
MpH MOBbIMCHHBIX TeMIepaTypax MIt HanocTpyKtyp. Paspa6orana qoctraTouno obmias 
MOfC/Ib SJICKTPOHHOTO TpaHCHopTa Wid HaHOcTpyKTyp Tuna SDSDS, MOSBOILALOMIAA 
peaiw3oBaTb yKa3aHHEIt npunuun. IloKa3saHo, 4TO MOjeNb OHOIIeKTPOHHOTO llepeHoca 
| Tuxapera ABNACTCA YACTHBIM CiLydaeM TipesoxKeHHOK Mogenu. U3 oOmelt Moyen B MepBom 
NpvONMKeHUM NoMyyeHa Oomee Npoctad MOeNb KorepeHTHOTO TpaHcHopta B CTpykType 
MeTam ~ToOHKuii AMSICKTPHK -HOMYUPOBOMHUK p - THIMa, BOSHMKarOlero B pe3yIETaTe 

caMOopraHH3altui Iporeccon mepeHoca. IIpopeyeno cpaBHeHue ITOM MOEN C H3BECTHBIMH 
9KCIepHMeHTaIbHSIMH JAHHBIMH, KOTOPble NOATBEPAWIN Ce CIIpaBeVIMBOCTD. 

Padota BBINONHeHa Tp yacTHaHo% duHanconoli nomyepxKe PecnyOmukaHcKol 
ME€XKBY30BCKOM rporpaMMBt (PYHJaMeHTAIbHLIX MCCieqOBaHHi B OONACTH eCTeCTBeEHHBIX 
Hayk “Dv3n4eckHe OCHOBLI NONYYCHHA, WHarHOCTHKH, (PyHKI[MOHMPOBaHUA W TIpHMeHeHUA 


HH3KOpa3MepHBIX 3JIEMCHTOB H CHCTeM”’, rpaHT 04.04. 
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A PRINCIPLE AND MODEL OF COHERENT ELECTRON TRANSPORT 
WITH SELF-ORGANIZATION IN NANOSTRUCTURES 
Abramov I.1., Danilyuk ALL. : 
Belarussian State University of Informatics and Radioelectronics 
6 P. Brovka, Minsk-220027, Belarus 
E-mail abramov@nano.rei.minsk.by 


Because of the existence of time dispersion of electron transitions between the states of electrodes and taking into account the 
properties of fermion system, we must develop a new principle of coherent transport in the nanostructures with middle 
semiconductor at high temperatures.. This principle can be formulated as follows. Transport is based on the self-organization by the 
mechanism of electron accumulation in certain periods of time on middle semiconductor states, and their generation on the states 
of electrodes in the following time periods. A sufficiently general model of electron transport is presented for this principle. Taking 
into account the processes of filling-up and recombination-generation on middle semiconductor states, the equations of kinetic 
balance for electrons and holes on the middle semiconductor states of nanostructures are presented. We have demonstrated that 
Likharev's model of single-electron transport is a specific case of this model. 
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HIPHBOPbI HA OCHOBE KBAHTOBBIX NFOBOJIOB: TIEPCOIEKTHBBI 
NPOBJTEMBI 


V1.A. OOyxoB 
HHH "Tensma", Poccua, Mocxea, 105122, Ienxoecxoe uocce, 0.2. 


AnNBOTanna 


PaccMOTpeHbI Te€pCheKTHBbI Pa3sBHIHaA OMHOTO W3 HallpaBleHuil HaHOIIeKTPOHUKH, 
UCHOUb3YIOUIECO KBAHTOBbIC TPOBOTa B KaYeCTBe OCHOBHOLO JJICMEHTa AI KOHCTpyupoBaHnd 
mpHoOopos. Iloka3aHo, 4TO MoryT 6bITb CcO3aHbI KBaHTOBbIe TIpHOopbI, x«BIIAOUIMECT 
PYHKUMOHATDHBIMA aHanoraMH OObIYHbIX 3eMCHTOB MHKpO3eKTpoHMKH. OHH MOryT CTaTb 
OCHOBOH JULI POPMHPOBAHHA sIeMeHTHOL Oa3bI HAHOIEKTPOHHKH. 


I. Baexenne 


Yue Oonee AecatH MeT BO BCX KPYMHbIX WeHTpax MMKPOoMeKTPOHHKH B MUpe 
WHTCHCHBHO BeLYTCaA paoboTh! NO CO3LaHHIO JeKTPOHHbIX WpHOOPOB C AKTHBHbIMH OGAaCTAMH 
CyOMHKPOHHBIX H HaHOMeTpPOBbIX pa3Mepos. VntTepec K HMM NpOsMKTOBaH JByMS 
O6CTOATENbCTBaMH: : 

- BOSMOXKHOCTLIO CO3LaHHA CBepxObICTPOseHCTBYIOWIMX INCKTPOHHEIX ycTpolicts c pabowimu 
gacToTamMH 6bosee 100 TT ur: 

- H€pCHeKTHBOM NWOBbIWICHHA YpPOBHA MHTerpaliMH 3IeMeHTOB B CXe€MaX JO BENHYMH NoparKka 
[0° niryK Ha KBaypaTHbiii CaHTMMETD. 

{loHaTHO, 4TO co3aHHe TeXHONOFHii, TMo3BONMIOWIMX OCYIIECTBIATh MaccoBoe 
HPOH3BONXCTBO TIOMOOHEIX TpHOopoB H CxeM HA HX OcHOBe Oyler O3HAYaTh HOBbIIi 
KaYeCcTReHHbI 9Tall B pasBHTHH seKTpoHHKu. [pepnomaraembie Manbie rabapuTl, BbICOKOe 
ObICTpoyelicrBne HM HH3KOe 9HEpronoTpebsenHe Mpubopow M CXeM yKa3bIBaIOT Ha TO, YTO OHH 
HaMyT IpHMeHeHue B: 

- HOpTOBbIX H Ha3€MHbIX CHCTEMAX CBA3H; 
- OOpTOBbIX H Ha3eMHbIX BBIGHCIMTeIbHBIX CHCTeMax MH cHcTeMax G6pictpoi o6pa6oTKH 
HHopMaluy; | 
- CHCTEMAX HaBEHeHHA PaaMOYMpaBILACMbIX OOBEKTOB; | 
- OLITOROH MW HayqHO-HCcheOBaTeNbCKOM INEKTPOHHOM TeXHMKe H T.11. 

 Anam3 nyOunkanni no qaHHOl TemaTHKe [loka3biBael, YTO BHMMAHHe BeyWIHX 
pa3spaOoTaHKoB COcpesOTOYeHO Ha ABYX OCHOBHBIX Buax WpHb6opos: 
- BEpTHKasIbHbIX TeETEpOCcTpyKTypax C HAHOMETPOBbIMM TOMMIMHAME CILOEB, 
- Tipubopax Ha OCHOBe CIPyKTyp HaHOMeTPOBbIX pa3MepoB c WiahapHoli Tomonxorueli, 
Haupumep, Kpantossix [Tpopogor (KI). | | 

lepBbiit BH OObeKTOB NO3BONAeT CO3AaBaTb CBEPXBbICOKOYACTOTHbIe DJMCKpeTHble 

mpHOopbi WM CxXeMbI MaJIOM CTerneHH HHTerpalMn Ha HX OcHOBe. Ha mMcKpeTHbIX pe30HaHCHO - 
TYHHCHbHbIX WHOWax yxe DowydeHa YacToTa reHepaunn curnana B 700 TTy [1]. pubopsr xe c 
HAaHaApHOK TOMONOrHeH ABIAIOTCA MepcheKTMBHbIMH Kak C TOUKH 3peHHA WX WACTOTHIX 
CBOMCTB, Tak H [Jit NPHMeHeHuA B MHTerpasbHbIxX cxeMax. OnHako B OTIM4He OT CIpyKTyp 
HepBOrO BHA AKTHBHbIe paboTh! 10 KBAHTOBbIM TIPpOBOaM HaXOATCA WoKa elije B HavalbHolt 
cTaqMH. ITO CBA3aHO: 
- € TCXHOMOrMYeCKHMH TIpoOeMaMM, CTOMIMMMM Ha HyTH cO3qaHHA IWiaHapHbix oOneKTOB 
HAHOMETPOBBbIX Pa3MepoB; 
~C OTCYTCTBHeEM JOCTATOYHOM ACHOCTH B Bolpoce, KakHe xe COOcTBeHHO MpHOoph! cienyer 
CO3/faBaTb? | 


Il. Keanrosnie nposoyja # npHoOoppi Ha Hx OCHOBe 


KBaHTOBbIM IIPOBOOM IIpHHATO Ha3bIBaTb OObEKT, 9HEpreTH4eckHM cileKTp HOCHTeMEeli 
3apaa B KOTOPOM KBaHTOBaH B JBYX HalipaBNeHHaAX HW KBa3HHelpepbiBeH B TpeTbeM. MMeHHO B 
STOM TpeTbeM HalpaBieHHv BO3MO2%KeH MepeHoc 3apaga B KIT. [Ipu Henynespix Temnepatypax 
CHIEKTP MOXHO CIMTATh KBAHTOBAHHbIM, ECM paccTOosHMe M@XTyY YPOBHAMH JHEpruM Goble, 
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-yem kpT. [Ipocrbie oleHkH ToKa3bIBaIOT, 4TO 9TO TpeboBaHve OyAeT BbITIONHeEHO, CCUM WIA 
WMHeMHOrO pa3sMepa CTPyKTypbI CiipaBbewIHBO HepaBeHCTBO: 

L < Lo = Gh?/8m*kaT)!? | 

Jina GaAs tip KOMHATHOH Temmepatype (T = 300 K) Lo = 25.6 HM. 

| CyljecTByeT HeCKOUbKO BO3MOXKHEIX BapHanToB co3fanua KIT. OH MoxeT ObiTb 
ccbopMHpoRaH, HalipuMep, up nomMouy npsMoro CTM-ocaxieHud NpoBomAllero MaTepHasia 
Ha TomoxKy. Take crpyktypbl 6pm co3zaHbl B HH "Jtenpra" B 1995 r. Ux MHHUMA&IIbHbIC 
wupwHa HW BbIcoTa coctapiam 100 A u 50 A coorTBercrBeHHo. OfHako lpoBeyeHHble 
HccheqOBaHHA 3]eKTpw4eckHx cBolicrs 3THx KIT] noka3anH, ITO HX NPOBOAMMOCTL HeBelMka 
(nopsyica 10° Cm). STo oGcTOATeNbCTBO CBHeTeEIbCTByeT O TOM, 4TO OODEKTHI, CO3TAHHBIC Ha 
lOBCpXHOCTH TBEpsOFo Tella, OKA3IbIBAIOTCA MaJIO IIPHTOTHbIMH B KadecTBe AKTHBHBIX OOsacTel 
mpuHOopos. JIMkTaT MaJibix pa3MepOB MpMBOAMT K MpeBaMpyIOlleMy BIMAHMIO 3Ie€KTPOHHbIX 
cBOiiCTB NOBEPXHOCTH MOWTOKKM Ha CBOiicTBa OG bEKTOB, CPOpMHPOBAaHHbIX Ha HX. [losTomy, 
B HacTOAIee BPeMA IOBepXHOCTHbIe CTpyKTypb! OGOpedeHbl Ha HW3KYIO MpPOBOJMMOCTS, 
OTHOCHTeEIbHO OoOFbUIyIO eMKOCTb H OXyIO BOCIIPOM3BORMMOCTbh  9NeKTpHueCcKHX 
xapaktepuctuk. Kak cieactaue, mpHOopbl Ha OCHOBe NOMOOHIX CTpyKTyp HMeIOT BbICOKHH 
ypoBeHb uryMoB (Gomee 1000 HB/(Iu)'”)) M oka3bIBatoTCA OTHOCHTCIbHO HH3KOUaCTOTHbIMU 
(npefembHbre uactroTh! He Oonee 10 TT). Bo3MoxHO, 4TO Oymyljve TexHOuFOrMuEcKHe 
NOCTWKCHAA W3MEHAT CHTYAMIO, HO Kora ITO Mpov30li eT M UpOM30MWeT WH BOOOIIe, HeACHO. 

Jipyroit cnoco6 co3qaHua KIT cocTouT B MCHOsb30BaHHM MOBEpXHOCTHbIX CTpyKTyp B 
KayecTBe MACOK UIA Mochefyiollero TpaBieHua uM dopmupopanua KIT B caMoM 
TlowynpoBoyuHke (cM. puc. 1). Ucttomb30BaHve 9eKTpOHHOM WMTOrpahun NO3sBoONAeT FOCTHIb 
aHapHoro pa3pellenua Wo 0.1 MKM. SToro HesocTaToHO AIA co3faHHa KIT npw KOMHAaTHOR 
Temnepatype. Tlostomy Haw6ollee IfepcMeKTHBHbIMM TeCXHOJIO“M4eCKHMHM IIpHeMaMH, 
NO3BOUAIOINHMH MOWyIaTb MaCKH c pa3Mepamn Ao 10 HM, chemyer canTaTb CTM-mmtorpadmto 
uw IpamMoe CTM-ocaxkaeHue. | 

| Baxnoitt ocoGexHoctp1o KIT apnaerca CHIbHad 3aBHCHMOCTb MX 9NeKTPOu3H4eCcKHX 
XapaKTepHCTHK, TaKMX KaK KOHIeHTpaliMa HOCHTeNeH 3apaa WM BpeMA peaKcallM HMITysIbCa, 
H, CH€]OBaTeIbHO, BbIXOJHbIX 3IEKTPH4YeCKMX XapakTepHCTHK, OT TEOMeETPHYCCKHX Pa3MEpOB 
(cm. -puHe. 2 u 3). Dro mosBonser ucnonb30BaTb KI] aa KoHCTpyHpoBaHHa pHOOpoB 
pa3tHaHOro PYHKUMOHATbHOrO Ha3sHayeHHa. 

B muTepatype BbICKa3bIBaIOCh MHOXKECTBO TOUeK 3peHHt Ha (yHKUMOHANbHbIC 
BO3MOXKHOCTH TpHOOpoB HaHOMEeTPOBbIx pa3zmMepoB. Uacro 3ByYHT MHeHHe, ITO 3TO AOIDKHDI 
6bITb KaKHe-TO COBEPUIeHHO HOBbIe UpHOopbl C HeMPHBbIYHbIMH XapaKTepHCTHKaMyH, 
Tpe6yloulHe HOBbIX MOMXOAOB K cxemoTexHuKe [2]. K TakuM MpHOopaM MOXKHO, B YaCTHOCTH, 
OTHECTH HHTepdhepeHUMOHHbIe MU "OHOITeKTpoHHbIe" npA6opst [2,3], paboTarouHe NoKa TOMbKO 
Ip cBepxXHH3KuXx Temiepatypax (3 K MM HeKe). OfHaKO Ha HbIHeIIHeM 9Talle pa3BUTHA 
HaHOQNeKTPOHHKU aKTyaNbHo saBuideTCA 3ayjaya co3faHuad ImpHbopos, paboTaiomux pu 
KOMHaTHOH TeMMepatype, KoTopble Mora 6bI B HOWHOH Mepe peaH30BaTb Bce PYHKUMH 
OObIMHDIX 3JIEMCHTOB MUKPOIEKTPOHHKH, TO ECT ABJINIOMMMXCA PYHKUMOHAIbHbIMH abaloraMy 
TpaqMVOHHEIX AONB, Tpak3HcTopoB uM pesHcTopos. IIpHHnMiMMalbHad BO3MOKHOCTb 
pellicHHa STO 3aauH CyHIecTByeT M MOXKeT OLITb peaIM30BaHa B OmmKanuMe 2-3 roa. 

[lonaTHO, 4TO aHalloromM pe3Hcropa aBuaetca KIT (cm. prc. 2). ApyramM BaxKHbIM 
9U@MCHTOM HaHO3eKTpOoHuKH Moxer craTb Ksantospii Tonesoi Tpax3sucrop (KITT), 
TloKka3aHHblii Ha puc. 4, PaccanTaHHble xapakTepHcTuku sToro MpHOopa MpeCTaBseHbI Ha PHC. 
5. 3ameruM, 4To XOTA yiewbHaad KpyTH3Ha BonbtT-AmiepHol Xapaxtepuctuku (BAX) KIT 
ABIIACTCH O4eHb BbICOKOii (105 A/Bcm?), momHad KpyTH3Ha cocTaBIAdeT Jmb 1.5x10-7 A/B. To 
ecTb [Id MOMyUeHHA NpveMeMoro 3HateHnA KoIpPpuuUHeEHTa ycueHHA TpebyeTcA Harpy3Ka C 
compotTusmenvem B 10 - 50 MOM, kotopas MoxeT ObiTb peasm3oBana Ha KIT. Takue Oommne 
3HAYeHMA CONpPOTUBIICHHA XapaKTepHE! uid KI] wv aBimoTca CileqCTBMeM MalsIbIxX Iollaed Ux 
ceyeHult (mopayKa 10-!2 cm?). | 7 

B kauectBe yHKUHOHabHOro aHanora GunonApHoro WMona B paboTe [4] mpezoxKeH 
Penaxcaumonnprit Kpanrosprii voy (PKJ). Kak noxa3ano Ha puc. 6, sToT MpHOop cocTOuT 43 
apyx KIT pasnagnoit wmpHHbl. AKTHBHOM obmacTbIO ABIMeTCA Mepexoy, MeKMy ITAMH KIT. 
Tipuruun gelicraux PK]| ananormuen o6branomy n*-n-Mepxoyy. Pasmepbl KII pei6uparoTca 
TaKMM OOpa30M, 4TOObI KOHIEHTpallMH IEKTPOHOB B HX pa3/IMYaIHch Ha HeCKOJIbKO 
OpsNKOB. SOTO MpMBOAMT K HeOAHOPOAHOCTH NOTeHWMabHOrO pelbeda B llepexowHou 
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oOwactTH, KOTOpas, B CBOIO OFepeb, ABJIACTCH HCTOUHHKOM HepaBHOBECHOCTH 3seKTPOHHOTO 
ra3a. XapakTepHad WyiMHa sTOM HepaBHOBecHOCTH 
— La = (ht/22m*)!?, 


Ina GaAs npn komnatHolt Temnepatype Ly~30 uM. Xapaxtepuaa ymMHa Mepexona Mexay KI} 
HOWDKHAa ObITb MHOTO MeHbille, YemM Lg. B stoT cry4ae mpHOop SyleT MMETS APKO BLIPAKeHHYyr0 
THOAHYIO XapaKTEPHCTHKY, FTO MPOREMOHCTpHpoBaHO Ha puc. 7. 3aMeTHM, UTO MOCKONbKY 
dyHkKUHOHHpoBaHve MpuOopa OcHOBaHO Ha HepaBHOBECHbIX cCBOMCTBAX 9ZeKTPOHHOTO 1a3a, 
NOTHOCTS TOKa B PK J] 3HauMTenbHo Mpepbliliaer ananormanyro BemaaHy uit KTI a KIT. 

- Ufo ananoruH# c oOObIGHDIM O6MMONapPHbIM TpaH3HcCTOpOM, MOXxHO MNMoMbitaTpca 
‘MOAYIMpObaTb NOTOK HepaBHOBeCHbIX HOCHTeseH 3apaya BHeWIHAM cHurHatomM. KoncrpyKiuma 
peaiM3ylollad Ty Hero UpepzctaBneva Ha puc. 8. IroT mpu6op HaspiBaetca PenakcalluoHHbIM 
KsaHTOBbIM Tpansuctopom (PKT) [4]. Ero craTwueckne xapakTepucTuxn JeMOHCTpHpylotca Ha 
puc. 9-11. Buguo, 9ro onm jelicrsuTembHo O673KH K XapaKTepucTukam OunomapHoro 
TpaH3uctopa. CyijectBeaHo, ufo PKT Moxer byHKOHOHMpOBAaTb TONbKO ect WMHa obnacTH 
6a3bI MeHbute, yem Ly. Oto TpeboBanue HakNaybiBaer 2KeCTKHe OTpaHW4eHHA Ha TOUHOCTD 
H3TOTOBIEHHA MpHoopa. : , : 

XapaktepHple yebHbie eMKOCTH OMMcaHHbIX 30Cbh KBaHTOBbIX mpHuoopos 
oxa3biBaroTca mopsaKa 0.1 .- 0.2 MK@/cm? (cm. puc. 12). Tpy6aa ouenka aya npenenpaprx 
paOounx yacror yaer cnexyrome Bemmaunp: 10" Ty ana KTIT w 10! Tu ana PKI w PKT. 
OyHakO y4eT 3aBMCHMOCTH 9JleKTpodw3M4eCKHX TapaMeTpOB OT YaCTOTbI NOHMKacT 
NpeyesbHyo yacroty dyHkuHoHupoBwanna PK JI u PKT go 10!3 Tu. 

IlepequcneHHbie 3fecb MpHOopbl MpercraBimoT co6oii nommEni na6op 31emMeHToB 
PYHKHHOHAIbHO aHAaOLMYHBIX OOBIGHbIM 3/1eMeHTaM MAKpooneKTponuKu. B cryyae co3qaHua 
TeXHOIOTMH WX MACCOBOrO THPakKHPOBAHHA 9TH KBaHTOBbIe WpHOopbl MOTyT NOCIyXUTD 
OCHOBOH 9IIeMCHTHOH Oa3bl HAHOIIEKTPOHHKH. 


Il. (po6.1emur 


OcHOBHbie MpoOseMbl, CTOAMe Ha NYT CO3{aHHA IPUTONHIX AA WCHONb30BAaHHA B 
SIeKTpOHHKe NpHG6opos Ha KIT, MoxHO pa3zenHTb Ha Ba kmacca. , 

- - Bo-Teppbix, 9To TexHosormaeckne mpo6sempr. CoppemenHoe cocrosHHe TexHOJOrHH 
CO3aHHA OOBEKTOB HaHOMETPOBbIX Pa3MeEpOB MasleKO OT pellieHud 3aagH MaccoBOrO u 
yerowumBoro ux dopmMupopanua. B wHacTostiece sBpema 9TO CKopee He TeXHOJIOTHH, a 
SKCHEPHMEHTAIIbHBIC MeTOULI. OHH He NO3BOMMOT MOKA POpMMPOBaTb CIPyKTypb! BbICOKOTO 
KayecTBa 3a TIPHeMIeMOe BpeMa. AKTYAbHbIMM ABIIALOTCA BOTPOCbI: | 
- BbIOOpa MaTepHaoB, KOTOpble OHOBPeMeHHO NO3BOIATH Obl UCHONb3OBaTb CYLIeECTBYIOUIHe 
TEXHOMOTM4ecKHe MeTONbI H HMeuM GbI XOPOMME aTeKTpodusHyeckHe cBOicTBA: 

- IpelH3HOHHOTO TpaBHeHnHs; | 

- CO3TaHHA He pa3spyWaioliMx Oas0Bble CIpyKTypb!I MeTOAOB POpMUpOBAaHHA TOMOMOLHH H T.1. 
OgHako JWHaMvKa pa3BHTHA TeXHONOTHM 3a MOCKeHMe TOMI NO3BOMAeT HaeaTbca, ATO BCE 
9TH TIpoOeMbl pa3pelliaMbl. | 

Bo-BTopbIx, CyIJeCTBYIOT NpHHIMNHaIbHble NpoOseMbl, CBA3aHHbIe c CAaMOM HeoRorue}#i 
HCHOMb30BaHHA 3ieKTa pa3MepHOrO KBaHTOBaHHA, KaK OCHOBbI (pyHKUMOHMpoOBaHHA 
ICKTPOHHBIX IpHOOpos. 

YMeHbUICHHe FAcia BOSMOXHBIX COCTOAHH 9IeKTPOHOB B KI] Beyer kK yMeHBbUIeHMIO Hx 
pacces#HHa HU, CI€ROBaTeIbHO, K YBEIMYCHHIO BpeMeHH pellakcalim@H MMNyIbca. DTO 
HOWOKATENBHDIK 3PekT, KOTOpbIii NPUBOTMT K YBeIMIeHVIO TOABHKHOCTA SieKTpoHoB B KII 
110 CpaBHeHHIO C OObEMHbIM MaTepwayiOM. OgHako KOHICHTpalHsa 39CKTPOHOB B KBaHTOBO- 
pa3MepHbIX CIpyKTypaX YMeHbillaercd WH, B pe3ybTaTe, MWPOBORMMOCTb BO3pacTaeT 
He3Ha4ATebHO. TOTO yBeIMYeHHA OKa3bIBaeTCH HeOCTAaTOUHO Na TOTO, 4TOOHI 
CKOMIICHCHPOBaTb OTPHIaTesIbHOe BIMAHHE MaJIbIX TIOWateH ceaenua KII. Tlostromy KIT u 
IIpHOopbl Ha HX OCHOBEe HMefoT GONbINME COMPOTHBIICHHA H, KaK CheyCTBHE 9TOrO, BbICOKHIt 
YPOBeHb TemMNOBbIX uryMoB. Tax aa KITT yposerb TensoRbIx UtTyMoB coctaBasaeT 100 - 1000 
BB/D u)'?. na PKJ{ wu PKT sta penwanna Menbute: 40 - 100 nB/(Ti)'2. Ho sce paBHo 970 
CHMUIKOM OOJIbUIMe WYMbI 10 cpaBHeHHIO C JIyIMMM MpHOopaMH MAKpoOoTeKTpOHHKH, WIA 
KOTOpPbIX XapaKTepHbI 3Hadenua: 0.3 - | HB/(T)!”. | 

PelinTh mpobiemy OoubUIMX CONPOTHBIIEHMM HM 3HAYMTeNbHbIX TEMILOBbIX LIyYMOB MO2KHO 
MCHONb3yx OCOOO YACTbIe MaTepHalibl C IIpelH3HOHHO MaJIbIM KOJIM4eCTBOM pacceHBarOLlHx 
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eHTpos. TIlepcriekTHBHbIMH B 93TOM OTHOWCHHM ABITIOTCA MODYJIMPOBAaHO-JICrMpOBaHHble 
TeTepOCTpyKTYpbl, B KOTOPbIX WerMpylollax UpHMech HPOCTpaHcTBeHHO OTAeNeHa OT HOCHTEIeH 
3apala. 

Oyuako B CIpyKTypaX HAaHOMeTPOBbIX pa3MepOB CYIICCTBCHHbIMH OKa3bIBalOoTCa 
clelu@uyeckve KBaHTOBbIe WiyMbI. Kak Toka3almi HeqaBHHe UCCIeOBaHWA aBTopa 3TOFO 
Joxwayia, KBAHTOBbIe MDIYKTYaLHH sIeKTPOXMMMECKOTO NOTEHIMala 3eKTPOHOB HPHBOLAT K 
BO3HHKHOBCHHIO =UlyYMa HalipspKeHHaA CileKTpasbHast TOTHOCTb MOIWHOCTH KOTOpOro 
liponopiwonalbHa 

(LL), 
rye L - xapaktTepHad MHA akTHBHOH obsacru upHobopa. Tlockompxy Lu~l0° cm, 9TH ULyMbI 
ipakTwyecku HeHabymogaemMbl TIpH MakpockonMyecKHx pa3Mepax mpHoopos. Ho AZ 
pacCMOTPeHHBIX 37[ecb aIeMeHTOB L Moet 6bITb HopsgKa Law Wake MHOTO MeHbutle, ¥eM La. B 
Tako CHTyaliM@ KBaHTOBbIe WKYMbI MOryT cTaTb Npepaympyrouuomu. IlowaButh Wx BPA IM 
ynactca. TloxroMy cXeMOTeXHMKY B HaHOSIeKTpOHMKe CilelyeT CIPOMTb WCXOMA M3 Toro, ATO 
YPOBeHb IlyMoB OyeT BbICOKHM. Bo3MO2XxKHO, 4TO, YIMTbIBAA 3ABHCHMOCTb KBAHTOBbIX LTyMOB 
OT TCOMETPHH CIPyKTyp, HX yYNacTcA HCNOUb3OBaTb B KavecTBe TlOMe3HOLO CHrHala. : 


IV. Jakno4enne 


B 3ToM WoKnaye W30KeHA TOUKA 3PCHUA aBTOpa Ha MepcieKTHBbI pa3sBHTUA OFHOTO H3 
HalpaBMeHHii HAHOSICKTPOHUKH, HCIMOMb3YIOWerO KBAHTOBbIe NpOBOAa B KadecTBe OCHOBHOTO 
9eCMeHTa JIA KOHCTpyHpoBanns mpHOopos. Toka3aHo, 4TO NOMeBOH KBaHTOBbIM TpaH3HCcTop, 
pewakcalMOHHble KBaHTOBble AHO WH Tpaw3HcTOp ABILAOTCA PYHKUMOHAbHbIMH aHasoraMy 
OObIMHBIX 3IEMCHTOB MHMKpooyieKTpoHHKM. B cily¥ae co3qaHwa TexXHOJOrHH MaccoBOoro 
THpaxkKUpOBAHUA ITUX KBAHTOBBIX IpHOOpOB OHH MOFYT MOCHYKHTb OCHOBOM seMeHTHON 6a3bI 
HaHOITeKTPOHHKH. | | | | 

KpomMe TexHOJIOrH4ecKHX 3af%a4, KOTOpbile MpeACTONT peluHTh Ha MYTH co3qaHHA 
HAHOINeEKTPOHHKH, CYHIeCTBYIOT M UpHHWMnnabHbie MpoOJeMbi, CBA3aHHbIe Cc CcaMOl 
vleonorvell ucnomb30BaHHa acbeKTa pa3MepHoro KBaHTOBaHHA, KaK OCHOBbI_ 
yHKUMOHMpOBAHHA 9SIIeKTPOHHEIX upHOopos. Baxuelimei u3 HMX s«ABAdeTCA Mpobsema 
BbICOKOrO YPOBHA WIYMOB B KBaHTOBLIX MpoBosax H npHOopax. B yonowHeHve K OObIMHbIM 
BUIaM WYMOB B CIpyKTypaX HaHOMeTPOBbIX pa3MepoB TIpHcyTCTByIOT HM cHleundugeckHe 
KBA@HTOBbIe IYMbI WOMaBUTb KOTOpble BpA WH yyactca. C yaeToM 93TOro ciewyeT CTPOWTb 
CXEMOTEXHHKY B HAHOSIEKTPOHHKeE. 


V. Cnucok JMTepaTypbl 


1. Brown E.R., Goodhue W.D., Solner T.C.L.G. J. Appl. Phys.. 1988. V. 64(3). P. 1519. 
2. Data S. Superlattices and Microstructures. 1989. V. 6. No 1. P. 83. 

3. JImxapes K.K. Muxpoonextponuka. 1987. T. 16. Bem. 3. C. 195. 

4. O6yxos V1.A. Tlucbma B KT®. 1993. T. 19. Bem. 17. C. 12. 


DEVICES BASED ON QUANTUM WIRES: PERSPECTIVES AND PROBLEMS 
Obukhov I.A. 
“Delta” Research Institute 
2 Stchelkovskoye Shosse, Moscow-105122, Russia 
tel. (7) (095) 5194408, (7) (095) 3679353 





- The devices based on quantum wires (QW) are the most perspective as the possible elements of the future integrated circuits. With 
using of the modern nanotechnology quantum wires, quantum field effect transistors, relaxation quantum diodes and relaxation 
quantum transistors may be created. These devices represent the full set of elements which are necessary for construction of 
quantum integrated circuits. Theoretical predictions and experimental results testify that quantum devices will operate in the 
frequency range from 1 MHz to 10 THz. The typical sizes of the devices are from 1 nm to 4100 nm. But one principal problem exists 
on the way of QW-nanoelectronics. It is the noise problem. The current density of QW is very high where the square of the cross 
section is very low. So, QW is the structure with the high resistance, and the noise level of devices based on QW will be high too. 
Besides that the new types of noise may exist in quantum devices. It is the specific quantum noise. That is why, the reducing of 
noise level is one of the most difficult problems which should be solved. | 
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CHCTEMA 9J1EKTPOMAFHUTHOLO 3KOAOPHYECKOTO 
MOHHTOPHHTA 


l.A.Moposos, 1O.E.Cenenbuukos 
Hay4HO-ucchedoeamenecKull yeHmp npuKnadnot IMEKMPOOUHAMUKU 
Kasancxozo Tocydapcmeennozo Texnuyeckozo Yuueepcumema 


AHHOTauHAa 
B qoknane paccmaTpHBawtca OcHOBHBIe TpeOoBaHHa kK CHCTeMe payqHo3KonO- 
TH4Y€CKOFO MOHHTOPHHTa, Kpyr OCHOBHBIX. 3a]1a4 MO e€ CO3LaHUIO. Jlaetca omucanHne 
KOMIMIEKCAa NpOrpaMMHO-annapaTypHBIx CpeycTB, co3zaBaemoro B PT, Poccua, o6cyx- 
WaIOTCA NePCneKTHBbI pa3sBuTHA. | 


I. Baenenne. | 

EcTecTBeHHble SJIeKTPpOMarHHTHble nous (OMIT) 3aHumatoT BaxHoe Mecro B 

| SBOMIOUWM XKUMBOH NpUporbl, BEITIONHAR HHPOpMaLlMOHHO-3HEprerTHyeckyi0 POMb B cbop- 

MHPOBaHHH UW PerysIAWWW XKU3HEHHBIX MpoweccoB 6vomorMyeckux O6beKTOR. Baictpo 

HPOrpeccupyrolice BO3pacTaHue ypOBHeli MH pacluMpeHne 4acTOTHOTO BHaNa30Ha HCKyC- 

CTBCHHBIX SICKTPOMArHHTHbIX Monel cofepxKaT yrpo3y mA HOPMA@JIbHOrTO MyHKUHO- 

HMpOBaHHA OvOMOrMyecKHX OObeKTOB, B TOM 4NCHe oA 3KOPOBbA YenoBeKa /1-3/. 

IMI, Takum o6pa3om, aBmalotca 3KomOrMyecKum (bakKTOpOM pHcka, WHTeHCHBHO 

3arPASHAIOLIMM OKpyKaroulyto cpeny. B cBa3v c 3THM BONpOcHI GesonacHocTu YeNOBeKa 

HM 3alHTbI Cro OT HeOMarONpHATHOrO BosgelicTBHA (u3H4eCKUX Nosels 3IEKTPOMarHHT- 
HOH MIPHPObI ABIIAIOTCA BECbMa BaXKHbIMH. 

_  B uHacroswee sBpema ocHOBHBIM PyHTaMeHTanbHbIM mpodurakTHyeckuM 
HanpaBieHvem, NO OGecneyeHHIO yCHOBHii 2%KM3HEeATENbHOCTH YeNOBeKa, ABIIAeTCA 
PersaMCHTallHA YPOBHEH BO3CHCTBHA SIEKTPOMAFHHTHOTO H3JTyYeHHA IIA nepconana 
HW HaceyeHHa. . 

CyuWecTByIolve B pa3IHYHBIx CTpaHax CHCTe€MbI CTaHapTOB CyLijeCTBeHHO 
_ OTUMYAIOTCA, YTO OObBACHAIOTCA NPHHUMMHAaNbHbIM Pa3syIMYHeM KOHLeENWH MO BbIpa- 
6oTke SKOMOrM4HO-rHMrMeHnyeckux HOpMaTHBOB. B Poccnu, kak MW B O6ONbLUMHCTBe 
APYTHX CTpaH, B OCHOBy MOAXOWOB NonoxKeHa OUeHKa SHEPrHH 3IIeEKTPOMAarHUTHOTO 
Noa B ONpeyeneHHOM y4acTKe nuana3ona yacToT. B To xe BpeMA, HMCIOLUIMeCA JaHHble 
CBHHCTEIbCTBYIOT, YTO B pate clyyaes GUONOrMYeCKH 3HAYHMBIMU ABMEAIOTCA MH Takue 
Napamertpbi Bo3syelicTBua Kak NHKOBLIE 3HAYeHHA, WIMTebHOCTH MMMysIbCOB, napa- 
_ METPbI MOJYAUHH. | 3 
Tlepeyncnenupie o6ctostenpersa CBHICTEJILCTBYIOT, YTO K HaCTOALIeMy 
BP€MCHH Ha3peyia HeEOOXOAMMOCTb pa3BHTHA CHCTeM TeXHH4eCKHX CpeqzcTs, 
NPpCHHa3HaveHHbIX Jit KOHTpONA ypoBHeii OMIT, kak B 4aCTH OLEHKH COOTBeTCTBHA 
CYIWICCTBYIOLIMM HOPMaTHBaM, Tak B TWaHe nomyyenna Oonee eTabHbIxX MaHHbIX, 
oTHOcauIMxca kK OMIT sospzeiicrauam, KommmeKcHbtlit XapakTep KOTOpbIX eure He 
npopaOotau Kk HaCTOALIeMy BPeMeHH B NOCTaTOYHOI crenenu. 


I. Ocnosupie 3ana4n. | 
3aqauv, KOTOpbie NOWKHBI pewlaTeca COBPCMCHHbIMM CHCTeEMaMH 3KOIOrMYEC- 
KOrO PanHOMOHHTOPHHTa, C HEKOTOPOH CTeMeHbIO YCHOBHOCTH, MOXKHO pa3qenHTb Ha 
OnMxKaiiuiMe, pewieHHe KOTOPBIX HOMKHO GbITE OCYLMECTBIICHO B kKpaTuaiwine CpOKH, H 
3aauu Ha Oomee OTManeHHyto NepcnexTupy. 
K nepBbiM, Ha Haul BSA, Clexyer OTHECTU: nosyyeHHe HCYyepnbiBarowei HH- 
_opmayve 06 mpocrpancrseHHom pacnipezeyeHHH YpOBHEM 3eKTPOMATHHTHBIX NOo- 


eH, OCOOeCHHO JIA KPyrHbIx POPOMOB, NPHYeM BO BCeM MAaMa30He YACTOT BIIOTb HO 
KBY, | 


Marepuaan: 6-41 Mexaynapognoit Agemctol “Muxponoanonolt Rouepemun RewMaRe' G6. 16-19 cewra6pa 1996 v., Cesacronoan, Kppim, Yxpanna 6 5 
Pfoceedings of 6th International Gramean “Mécrowave Confererice ArerHel2e'G6. 16-19 September 1996, Sevastopol, Crimea, Ukraine 





K 3amauamM BTOpoH OYepeH OTHOCHTCA OpraHH3alHA MOCTOAHHOLO KOHTpONA 
3NCKTPOMArHUTHOH "3arpsA3HeEHHOCTH", a TakoKe pacuuinpenHe OObeMa KOHTPOMHpyeMbIx 
NapaMeTpOB 3IeCKTPOMATHHTHOH OOCTaHOBKH, BKMIOUad OL[CHKM MMKOBbIX 3HaYeHHH, 
napamMeTpos MOAYyIAUNH, NonyyeHne Gonee WeTANbHbIX JAHHbIX B OTHOCHTEIbHO Y3KHX 
momocax YacToT, O6HapyxkeHve WH HDEHTHUKALMIO OTICMbHBIX HCTOUHHKOB, B TOM 
YHCHe HECAHKIMOHMPOBaHHBIX. 

BHOBb CO3aBaeMble NpOrpaMMHO-annapatTypHble KOMMMCKChI 3KOMOTHYeCKOrO 
MOHHTOPHHTA JA pewenua OMwKAanUWIAX 38044 DOIKHbI CTPOWTbCA HE TOJIBKO C yYeTOM 
NOCHEHYIOWWErO HApaliHBaHHA BbINOWHAeCMbIX YHKUMH, HO HW Kak oMemMenT OOuel 
CHCTEMbI SKOJIOTHYECKOFO MOHMTOPHHYa FOPOACKOH Cpenyl. 


lil. Cocras u ocHOBHEIE PYHKLMH NPOrpamMMHo-annhapaTypHblx Cpencre. | 

JJocraTouHoO NOHbIA KOMMIeKcC SKOMOrHYeCKOrO PaNHOMOHHTOpUHra (kak H 
CHCTCM PaXHOMOHHTOPHHTa, OCYLICCTBIIACMOTO B LeIAX KOHTPOJIA COCTOAHUA panqHo- 
¥YaCTOTHOFO CieKTpa) BKMIONAET B CeO CHETYIOWIHe OCHOBHbIC KOMMOHEHTEI: 

- MOOHIIbHY}0 YCTAHOBKY JIA H3MEpeHHA MPOCTpaHCTBeHHOTO pacnpenenenvs 

YpoOBHeii HW Apyrux Napametpos OMIT *); 

- KOMIbIOTEPHY!O HHDOPMALHOHHY!O cucTeMy; 

- CpeiCTB cBA3H **); 

- CTAUHOHApHBIe NOCTHI HaOmogeHUuA 3a TeKyWUeH seKTPOMarHHTHOH o6cra- 

HOBKOH **) 

((Ipumeuauna: *) - c pacuuupenuem dyHkunii BO BTOpOH OYepenH,**) -BTOpaa OYepenb). 

Mo6unbyad ycTranoska mpegqHa3Hauena Jia OCYLIECTBNeHHA H3MepeHHA yPOB- 
HeH OMIT, ocyujectBmaemblx nepHoanyecknH B psAye TOYeK TOpOACcKOH TeppuHTOpHH 4H, 
no HeOOXOAMMOCTH B OnMxKawWUX MpHropoyax. 

J\ia KoMniekca 1-oH OYepeaqH, TakKHe H3MepeHHA DOIDKHbI, B OCHOBHOM, OCcy- 
LICCTBIIATBCA C WEJIbIO KOHTPOJIA COOTBETCTBHA CYLIIECTBYIOLUIHX YPOBHeH TpeOoBaHHAM 
HOPMATHBHO-TexHH YeCkon WOKyMeHTauHH, B YacTHOocTH /4/, IIpH HapauMBaHHH PyHk- 
WMH, YCTaHOBKH 2-0 O4epenH DOMKHbI OOecneyMBaTb NomyyeHHe Somee eTabHbix 
_ HaHHbIX O CTPyKType, CocTaBe H NapaMeTpax SNeCKTPOMAFHHTHBIX M3TyYeHHH. B o6onx 
ciyyaax HHPOpMalva OO W3MepeHHbIX ypOBHAX MOMel NocTynaeT B CTauMOHApHyto 

KOMMbIOTepHyto Oa3y WaHHbix WIA NepepaOorKH HM ONepaTHBHOTO HCNONb3OBaHHA. 
| CrauMoHapHble nocTbl OGecneynBaloT NOCTOSHHBIM O630p npocTpaHcTBa B 
BCEM JHalla3OHe YACTOT, BLIABJIAIOT HAIMYNe 3HAYMMBIX MpPeBLILICHHH ypoBHeH MoneH, 
OCYUJECTBIIAIOT NOCTOAHHbIM KOHTPONb 38 YPOBHAMH M3yYeHHA YCTAHOBOK MO3BONIAeT 
OnepaTHBHO OTCH€KHBaTb . H3Me€HeHHA 3kONOrHYecKOH QMO xn cBoeBpemMeHHO 
pearvpoBaTb Ha JOObIe HECAHKLIMOHHPOBaHHble "BbIOpocnt". 

OcHOBHbIe PyHKWHH KOMIIbIOTepHOH HHPOPMaLHOHHOM CHCTEMbI COCTOST B 
xpaHeHun WaHHbIx 06 SMO, nepepaG6otke 3sToi HHpopMaunH HW MpecTaBeHHu WaH- 
HbIX OO ypoBHaAXx OMI B yno6Hor dope. | 

OcTaHOBHMCaA KpaTkO Ha TpeOOBaHHAX, MpeAbABIAeCMbIX kK MepeuHCeCHHbIM 
COCTABJIAIOLUMM H OCOGeHHOCTSAX UX pearnzallun. 


IV. MoOmipnag ycranoska. 

BOubLUIMHCTBO TEXHHYCCKHX CpeCTB, HCMONb3yeMbIX B CTaHax CHI yuia u3me- 
PeHHit OMacHbIX ypOBHelil 91eKTPOMATHHTHBIX Monel, OPHCHTMPOBAHbI Ha KOHTPOMb 
COOTBETCTBHA CYLICCTBYIOLIMM HOpPMAaM, T.e. HHTerpayIbHbIX MOUIHOCTeH (Hanps- 
*KEHHOCTeH) Nowe B WLIMPOKUMX Mowocax yacToT. Yka3aHHble CpeICTBa He ABJIAIOTCA 
ABTOMATH3KPOBaHHBIMH, OCyLeCTBIeHHe HeMepeHHl NpeCTaBMAeT JOBOIIbHO TPynO- 
eMKHH npouecc, 

C pyro cTOpOHbl, BecbMa COBeplIeHHbIe mporpaMMHo- alinapaTypHble 
| KOMMJI€KCbI, BbITTYCKaeMbIe BEXYLIMMH PupMaMH (Hanpumep Pons u LsBapu), /5/ npez- 
Ha3HayeHbl WIA weneli KOHTPONA MCNONb3OBaHHA paqHOUaACTOTHOTO cnekTpa. OHH 
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MMCIOT HPE3BLIYaHHO BbICOKYIO CTOMMOCTS, H, YTO HEMANOBAXKHO, ipeqHasHayeubl DA 
peliecHHA MHBIX 3anay. Jina weneit sxonormyecxoro MOHHMTOPHHIa 93TH cpeycTBa 
OOuaqaroT ABHO H30bITOUHBIMH PYHKUMOHaNbHbIMH BO3MOXHOCTAMH, B YACTHOCTH M0 
YYBCTBHTCNBHOCTH H pa3pelleHu1o mo yacroTe. Kpome Toro, OHH He NO3BONAIOT 
OCYWICCTBIIATh HENOCpeyICTBeHHbIe H3MepeHia HMHTerpastbHbix napametpos OMIT Bs 
LIMPOKHX MomOcax YacToT. | | _ 

Mo6unbubie ycraHosku sia ene skomornyeckoro Pa2HOMOHHTOpHHTa OIDK- 
HbI OOecneunBate: | 

~ HSMepeHHa HHTerpasIbHbIX ypOBHeH OMIT, ocyujecransemble B COOTBETCTBHH 

C nelicrByroweli cucremoii TpeGosanuii B  aBTOMaTHY¥eCKOM HIM XOTA Obl 

ABTOMaTH3HPOBaHHOM pexkume; | i 

~ APAHCHHE WaHHbIX H3MEPeHHH C BO3MOXKHOCTbIO Nepewayn HX B Oa3y TWaHHblx 

HHPOPMallHOHHOH CHCTeMBI: : | 

~ BOSMOXHOCTb yHOOHOTO MecTOonpeneneHHA, KOTOpOe MOXeT GLITb aBTOMa- 

TH3MPOBaHHbIM Mp H3MepeHHAX B TOpOCKUX YCIOBHAX H ABTOMATHYeCCKMM 3a 

npeteiaMu ropoyckoli yeprsi; | 

~ BO3MOXKHOCTL B OM KaliWwei nepcneKTruBe nomnyyeHHa Oonee DeTanbHou UH- 

dopmaunu 06 SMM OTHENbHBIX BHOB HCTOUHHKOB, BKIIOUaA MapaMeTpbI MO- 

AYIAUHH, MMKOBbIe 3HAYeHHA, CNEKTPaIbHbIi COcTaB, a TakoKe MeCTONONOxKeHHe 

HeHEHTHPUUMPOBaHHBIX HCTOUHHKOR H3yYYeHHa. 

Yxka3aHHas ycTaHoBKa JOKHA SBITD, Kpome Toro, 6a30B0ii Ana NOcnenyroulero 
pacuimpenua dyHkyHii B YacTH BO3MO2xKHOCTe;t M3MepeHHA pata Apyrux noka3ateseli 
SKOJIOTHYECKOW OOCTaHOBKH, B YaCTHOCTH paqnallHOHHOro (OHA, ypOBHA LuyMa H Zp. c 
COXpaHeHHeM BCeX (yHKUHH aBTOMaTH3aUHH M3MepeHHH, xpaHeHua HM nepenayun 
HHOpMauHy, a TakKe NOSHUMOHMPOBAHHA. 

Iipopegenuble TeXHuKO-3KOHOMHYeCKHi} aHasiH3 NOKa3bIBaeT, YTO B HacTOsuee 
Bpema HanOosee Yenecoobpa3sHo nNocTpoeHne KOMMIeKca M3MEPHTCSIbHBIX CPeQCTB MO- 
OWJIbHOM yCTaHOBKH Ha NpHHUNaX aBTOMATH3MPOBaHHOTO paOouero MecTa onepaTopa 
u3mMepenni /6/. B ormmune oT NOMHOCTbIO aBTOMAaTHUeCKOii CHCTCMbI H3MepeHnit Tuna 
/S/ B 3TOM City¥ae BO3MOXKHO YaCTMUHOe MIM NONHOe HCMONb3OBaHHE CYUIeCTBYIOLIMX 
H3MePpHTeNeH OTeYECTBEHHOFO MPOM3BOUCTBAa, HMeIOLWIMX NPHeEMJIEMy!O CTOHMOCTD. 
Tako TunoBoi ycraHosKu u CTPYKTYPbI MCNOUb3yeMbIX MpOrpaMMHO-anmapatypHbIX 
CPCACTB WIUIOCTPHPyIOTCa TaHHble, MpHBeeHHbIe Ha puc.1,2. 


V. Cupasoyno-nadopmannonnas cuctema. 

Yka3aHHasd cucrema (aneKTpoHHas KapTa) ABJIAeTCA LeHTpambHOW B paccmaT- 
PHBaeMOM KOMIMIeKCe CpeyCTB JKONOTHYECKOrO PaXHOMOHMTOpHHra. OcHOBO? ee aBna- 
TCA HCHOTb3OBaHHe COBPEMEHHEIX TEOMHPOPMal|MOHHBIX TexHOMIOrHii, MeTODOB Xpane- 
Hii H OOpaSoTKH WaHHbIx u3MepeHuit. Cucrema oGecneyuRaer CHeTYIOUHe OCHOBHBIE 
(YHKUHH: : | i | : 

- Xpanenne uHpopmauun 06 u3mMepenHbix TEKYIHX ypoBHax OMIT, a takxe, p 

_ hepcenextupe, Oonee ReTanbHow HHpopmauuy; 

- OOpa6oTKy WaHHbIx H3MepeHHii, BKMIOUAaT UX HHTCPNONAWHIO WIA JmOOOH 

TOYKH KOHTpomupyemoii TeppHTopun Ha OcHOBe aPPeKTHBHBIX MOZeNei pac- 

NPOCTpaHeHHa panhoBomH. TlocnenHee BecbMa BaxKHO, BBMy 3H@4vTeBHOL 

H3MCHYMBOCTH yposHeli OMIT Bs yCHOBHAX FOpoya H OYEBHOHOM HeBO3- 

MOXHOCTH OCYUICCTBIICHHA 34MepOB C WarOM nMopanka paauyca mpoctpau- 

CTBCHHOH KOppeualHu MpOcTpaHCTBeHHbIX ayktyayHii noneii; 

~ Mpeactaprenune o630pHo undopmaynn 06 yposnsax noel Ha KOMIIbIOTep- 

HOM KapTe-cxeme ropoya B rpaduyeckoii cbopme; 

~ HPSACTaBNCHHe B THaOroBok pexvme HHPopMayHu O6 HHTeprabHbIXx ypoB- 

HaX IMI B pa3snnyHEIx TouKaxX TePppHTOpHH Topowa UW OuMxKaiWAX MpHro- 

pono; 7 | 
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~ IpecTaBenve B UN@poBoli nnu rpaduyeckok Popme uHTepecyloujeh HHop- 

Maul O BKale OTICIbHbIX HaHOosee 3HAYMMbIX HCTOYUHHKOB 3yleKTpOMar- 

HUTHBIX '3arpaA3HeHHH Okpy2xXalouleli cpenbl; 

- aBTOMATHY4eckylO KOppeKkuHtO oTOGpaxaemoi HHOpMaLHH pH NOABMeHHH 

HOBbIX MOLJHbIX HCTOUHHKOB WIM H3MCHEHHH MapaMeTpos CYLeCCTBYIOUIHX. 

Yka3aHHaa CHCTeMa, peamM30BaHHad Ha DBM we xyxe PC 486 sxKmouyaer 
CIEDYIOWMe OCHOBHbIe GOKU: | ; 

- ON0K ynpaBMAIOWWMX WM CepBHCHBIX NporpamM, BkuiOYad NOACHCTeMy pa3pe- 

LUICHHBIX JJiA pa3sHbIxX KATeErOPHH NOML3OBAaTENeH ypOBHeH TOcTyna; 

- 610K POpMUpoOBaHHA KOMMbIOTepHOH TONOrpatwyeckoi OCHOBBI; 

- 610K ypaBnenua HW XpaHeHna Oa3bl WaHHbIX - pe3ybTaTOB H3MepeHHii; 

- ONOK MaTeMaTH4eCKHX MOLee MHTeEPNOMAUHH DAHHbIX H3MepeHHit. 

Coctas mporpaMMHBIX cpeCTB, BH BbIXORHOM MHOpMaLHH B pasMH4HDIXx 
POKHMAX HIVIEOCTPUpyloT puc.3,4. 

CilenyeT MoaYepKHYTb, TO yka3anuaa KOMMbIOTepHad CHCTeMa BbITIONHeHAa 
YHH@UUMpOBaHHOW W WoNyckaeT HapauiMBanne *yHKUNit Da xpaHenua, O6paSoTKn u 
OTOOpaxkeHHA HHPOPMALHH O 3HAYeCHHAX PyruxX IKOMOFMYECKH 3HAYMMBIX PakTOPOB 
(ypoBeHb payvauvOHHOro Poua, YpOBeHb LIyMa H Ip.) 


VI. 3axsnodenne. 
ABTOpbI BbIpaxkaioT OnarogapHocTh Deomnornyeckomy Mouzy PT, a taxxe To- 
cylapcTBenHomy Komutety mo CaHHTapHoMy Hag3o0py PT 3a Becomyto nommepxKy B 
- BRIMOJIHCHHH HacTosinen paodoTul. 
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DEVELOPMENT OF ECOLOGICAL ELECTROMAGNETIC MONITORING SYSTEM 
Morozov G.A., Sedeinikov Yu.E. 
Scientific Research Centre of Applied Electrodynamics of Kazan State Technical University 
Kazan-420503, P.O. Box 381, Tatarstan, Russia 
fax 8432 386924 


Electromagnetic field intensity measurement and checking are among the paramount tasks for ecolgical monitoring. This 
paper presents the most important results of works being an outcome of joint efforts of the Scientific-Research Centre of 
Applied Electrodynamics and the Republic Tatarstan Department of Sanitary have been carried out by the initiate and 
support of the RT Fund of Ecology. The data on computer-aided information systems as well as the facilities for the field 
sources finding, identification, measurement and control are presented in this paper. The systems trends, distinctions and 
outlooks are discussed. 
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BAMAHWE CBY H3AYGEHMSA HA CTPYKTYPHBIE, D13MKO—- 
AMMMUECKME HW SAEKTPO®H3H4UECKHE CBOMCTBA PHAA 
NOAYTHPOBOAHHKOBBIX MATEPHAAOB HM IiPHBOPHbIX 

: CTPYKTYP 


A.E.Beases ,, A.A.Beasen’, E.O.Benrep’, A.B.Epmoaosny , C.M.Komupenxo , 
P.B.Konaxosa , B.T.Asnuu’, 4..Maraa”™, B.B.Muaenni , 
V1.B.[Ipoxonenkxo, C.B.CBeanvKos’, E.A.Coaopnes’, 1O.A.Txopnx , 
M.B.Illeneaen™ 


‘ Mucruryr dbu3nxn noaynpopoanuKon HAH Ykpanunut, Kner, 
Yxkpanua. | 

“ HHI] “Xappxonckuis dbusnKxo — rexnwyecknis WHCTHTYT", 
XapbKOB, YKpava. 

~ Mucruryr saexrpocpapxu uM. E.O.arona HAH Yxpanuus, 
Kuen, Yxpanna. ; | 


AnHOTanHaA 


VisyaeHo BAMaHHe CBY oGayyenua B cM 4 MM AMama30HaxX AAWMH BOAH Ha 
oAeKTpHueckne WapaMerphl apceHvAa TaAAWA HM TBePALIX PaCTBOPOB Ha OCHOBe 
Cd,Hgi— Te. Moxasano, uro MHKpoBOAHOBLIe O6paSOTKH NPVMBOASAT KaK K M3MeHeHMAM 
XapaKTepHMCTHK TOUYCUHEIX AeCeKTOB M UX CKONWACHHM, Tak u cTuMyanpylor o6pa30 — 


BaHve AMcAOKaluH. HaGaioaaemad crpyKTypHad peaakcaliMa 3aBuCHT OT MCXOAHOTO 


MIpHMecHo — AesbeKTHOTO COCTaBa NOAyNpOBoAHMKa, ero MOpcOAcTHyeCKHX MapaMerTpos 
M YCAOBHH oOpa6orKn. 

Bo3aevicrpua Momoro CBU o6ayyeHua Ha IIPOCTpaHCTBeEHHO — HEOAHOPOAHBIe 
CTpyKTyphI Ha OCHOBe MeTaAa—A%B° BanaIOT Ha XapakTep MeXKa3HHX peakuMi u 
B3aHMOAMpy3HI0 KOMIIOHeHT rereponap, PopMUpyA TpaHHbI pasaeaa, oOAaaariourme 
ocoOoH CTpyKTypoli WM WHTepMeTaAAM4YeCKHM COCTaBOM, a, CACAOBATeALHO, SACKTPO — 
cbu3sHuecKHMU TapaMeTpamu. CpaBHeHve c¢ pe3yaLTaTaMu MCCAecAOBaHUi MexaHM3MOB 
ChOpMMpoBaHWvaA KONTAKTHEIX CTpyKTyp TIpw Apyrvx BHAaX aKTHBHEIX BO3AelicTBUIt 
(repMooTxur, y—oGayyenue °°Co) MO3BOAMAO CAeCAATL BEIBOA O CYIIeCTBeHHOI poau 


HeTepMHYecKHX CaKTOpOB B Tpoeccax, ONPeAeCAAIOLIMX CBOTCTBA CTpyKTyp Ha OCHOBe 
MeCT@AA — TIOAYMPOBOAHHK. 


I. Baeaenne 

AAS COBpeMcHHOTO ypoBHA pa3BHTHA MUKpOSAeKTPOHHKU xapakTepHa TeH— 
ACHUMA K YBCAMYCHHIO TIAOTHOCTH yilaKOBKM 3ACMCHTOB C MaALIMM (B OAMH MU MeHee 
MMKpoHa), PaCCTOAHMAMH MeXAy HMMM. OGecriewnTh TaKyto ‘KOMIMOHOBKY MOXHO 
TOABKO IlyTeM pa3paOoTKH TexHOAOrMYeCKMX TIpoleccosR HalpaBAeHHoro uM AO3Mpo — 
BaHHOTO H3MCHeCHHA CBOMCTB MaTepHaaoB. Tak, M3y4eHMe cneuHduKy Aedexroobpa — 
30BaHMA, AMOPDU3alNH TOHKMX NOAYIMPOBOAHMKOBLIX TACHOK MW CAOeBEIX CTpyKkTyp Ha 
MX OCHOBe, COCTaBa M MpOCTpaHCTBeHHOrO pacnpeaeACHHA ZSACMeCHTOB B MMIAaHTU— 


POB@HHBIX CAOAX, MOHHO — CTHMYAMPOBaHHEIX peakunn TIPHMBeCAM K CO3AQGHYIO HOBOTO 


Hayao — TexHwdecKoro HalipaBAeHva MOHHO— HMMYABCHOM MoAMduKaljHu MaTepHaaos, 


MO3BOAAIOINETO KOHTPOAHPOBaHHO NIPOBOAHTB TIPOecch! WX AerHpoBaHUG, OUNCTKY, 
CTpyKTypHO—qda3o0zBble NepecTpoHKH B MOBeEPXHOCTHEIX CAOAX, CO3AaHHe crAaBoB 
TpeOyemoro cocTaBa C WIMpOKMM BapbipoBaHwieM MX aTOMHOtt CTpyKTypH. Mccaeao — 
BaHHe MexXaHH3MOB AMCCHMAalMH IHeprvv Mp ynpyrux MW Heylpyrux B3aNMoOAcHCTBUAX 
JACKTPOHHBIX IY4KOB C TBEPALIMH TeAaMM TO3BOAHAO pa3paboTaTb mpere3sHoHHbie 


_AOKAABHO — TepMHdecKHe TeXHOAOTMM OOpaboTKM TOAYNPOBOAHHKOBLIX MaTepHaaoB uv 


reTepocrpykTyp Ha -MX OCHOBe; KOTOPLIe AaIOT BO3MOKHOCTB Ije@AecHalIpaBACHHO MW 
KOHTpOAMpyeMO TIPOBOAMTh OTKUHTM AedeKToR, ANdiy3svoHHEI Macco6men, pekpu — 
CTAAAMSAMIO TIACHOYHBIX CTPyKTyp, CTpyKTYpHO~ a30Bnle MepexoAL] B KOHTaKTM— 
Ppy!0ljMx CAOAX, AecopO1lwio MW MCNapeHve c MOBepXHOCTH aTOMHLIX WaCTHL, MAaBAeHHe. 
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AOCTHTHYTEIM ypoBeHb TOHMMaHHa Cv3HKO-XHMMYeCKHX Ipoweccon, mpoTe- 
KaloljHvx pW B3aMMOAeCHCTBHH 3ACKTPOHOB H MOHOB C TBePALIMU TeAaMU, OOecHeuMAN 
uX AWAMpyioljee NOAOKeHHeE NP IpOM3BOACTBe MHKPOIACKTPOHHEIX H3ACAMM HOBOTO 
HOKOACHHA. 

Hapsay c OTMe4eHHEIMM TeXHOAOTHyecKRMU OOpaooTKaMH 3HadHTeALHOe MeCTO 
B DPOH3BOACTBe TOAYHPOBOAHHKOBEIX BpHMOoOpoB 3aHHMaIOT TeEXHOAOTHY, HCHOAb3YI0- 
Ijve MOMHEIe 3ACKTPOMAarHHTHbIe nyuKH. lippyMesenne doTOHHEIX HM AaBeCPHEIX BO3ACH- 
CTBUM NOSBOAKeT peniaTh 3aAauH pa3sMepHort oGpaboTKH MAeHOUHEIX MaTrepmaaos, oGec- 
WewiBasi MX OYMCTKY, OTKNI, 3akaAKy, CBapKy MW AP. HanOoaee wmpoKoe pacipoctTpa- 
HeHHe NOAYYMAM AasepHbie TeXHOAOTMYeCKHe TporeccHl, T.K. MpH KpaTKOBpeMeHHEIX 
(HAHOCeEKYHAHI) MOLIHBIX BO3ACHCTBHAX, KAK UpaBHMAO, yA@eTCA MCKAIOYATL BAVAHHE 
TeNAOMU3uU4eCKHX H TEPMOAMHAMHYeCKHX GdakKTOPOB Ha BHeEAPeHHe ATOMOB KOHTAKTH- 
PYIOMHx C TNOAYNPOBOAHHKOBOH MaTpHueH BeiyecTB (Aa3epHad MMUAAHTAluA) B WOAYy- 
IIPOBOAHMKH H DOAYYaTh NOBEPXHOCTHEIe CHAABLI U3 3ACMCHTOB C AHOMA@ABHO pa3An- 
HBIMM TeDAOPU3uUYeCKHMH UW TePMOAMHAMMYeCCKHMU CBOMCTBAMH. 

_ OAnaKxo, HECMOTps Ha KaxXyIyIOCd BPOCTOTY TeEXHOAOTHM, UCHOAB3YIOWHX SACK- 
TPOMArHUTHHIe Hy4KH, WO CpaBHeHHIO C KOPUyCKyAAPHHIMM TeXHOAOTHAMH AO HacTOS- 
ujerO BpeMeHH, OCTAIOTCA HepellieHHEIMU PAA CYHAAMEHTAALHEIX TpO6AeM, OrpaHH4H- 
Balollux HX WpuMeHeHHe. K HX UACAY MOKHO OTHECTH MHKPOMeTAaAAypruyeckHe Ipo- 
Ie@CChI B3AMMOACHCTBHM, CTHMYAMPOBaHHbie 3ACKTPOMAIHUTHHIM H3Ay4eHHeM, AecbeKTo- 
oGpa30BaHHe B IpHNOBepXHOCTHEIX CAOAX NOAYIPOBOAHHKa, BOSHHKHOBeHHe TepMoMe- 
Xa€HWUeCKHX HallpsoKeHHH Ha NOBEPKHOCTH H TpaHuyax pa3saera chba3, dha3oBble CTpyK- 
TypHbie NepexoAH B HaHOCeKYHAHOM HM CyOHAHOCeKyYHAHOM AWalla3s0Hax BPpeMeH, BKAIO- 
Yat MeXaHH3MbI KPHCTAAAM3alMu, Meperpesp HW DepeoxaaKAeHHe MeTACTaOHABHEIX (cha3, 
cTeleHb UX AMCHePrMpoBaHHOCTH MHOTOda3HOCTs U AP. 

Awala30H WacTroT sAeKTpoMarHutTHOrO (OM) wu3ayueHua 10-100 Try npaxrauecku 
BoooIIe He HCHOAL3OBaACH AAA PellieHHA TexHOAOTHUeCcKHX 3aAayu. MmMetomeca uccae- 
AcEaHHsa [1, 2] To B3amMOAeHCTBHIO MOWHEIX OM nyykKoB OTMeYeHHOTO AWalla30Ha Wac- 
TOT C NOAYHPOBOAHHMKOBLIMH CTPyKTypaMM KaCaAWCbh B OCHOBHOM ACCTPYKTHBHEIX (bak- 
TOPOB TaKHX B3aHMOAeHCTBUH. B TO Ke BPeMA MOXKHO OTMECTHTE LepCueKTHBHOCTh Hc- 
MOAL3OBaAHHA MUKPOBOAHOBHIX O6pa6oTOK AAA pa3paOoTKM HOBBIX TeXHOAOTMH. OTO 
OOyCAOBAeHO: 

- OOADIIMM AWalIa30HOM YACABHBIX MOLIHOCTeH OOAyueHHA B IpeaecaAax oT 0,1- 10° 
Br Hp BapbupoBaHHN MOAMpUu3alMH HM HalpaAKeHHOCTH SACKTPMYeCKOTO NOAM 3AeK- 
TPOMAarHHTHOM BOAHHI:; 

- BO3MOXKHOCTbIO peannsaruan KaK KpaTKOBpeMeHHEIX HaHO- H MHKPOCeKYHAHBIX 
MMIYABCHHIX BO3ACHCTBUM, TaK M OGpaboTky B HelpepLIBHOM pexKiMe; 

- BLICOKOM yIpaBASeMOCTbIO HW BOCIIPOH3BOAMMOCTBIO TapaMeTPpOB MUKPOBOAHO- 
BOTO H3Ay4eHHA, OOeCHeYHMBAaIOMIerO BO3MOKHOCTL TOUHOM AO3HPOBKH DOABOAMMOM K 
aKTHBHEIM 30HaM OOAyaaeMOro OObeKTa 9HEPIMUn; | 

+ oOecneyveHHemM paBHOMepHOH OOpaooTKH OObeKTOB OOAbIIMX MAOIAAeH; 

- BO3MOXHOCTHIO H3O0UpaTeALHOTO OAHOPOAHOTO BO3AeCHCTBHA Ha KOMIIOHEHTHI 
ILOAVIIPOBOAHHKOBHIX IPHGOPHEIX CTPyKTyp; | 

- 6€CKOHTAKTHOM OGpaGoTKON MaTepHaAoB B BaKyyMe HAM CUelMaAbHBIX cpeAaXx. 

O6ocHOBaHHOCTh CACAAHHOTO 3aKAIOUCHHA MOATBeEpKAAeTCA Ha UpUMepe wMccaAe- 
AOBaHHy [3] NOCTHMIAAHTANMOHHOTO KpeMHHA, AerupoBaHHoro P* c oHepruer 50 KoB u 
ao30m 10° cm” B moae CBY w3ayuenua c f=2,5 Pry. Bhiao moKa3saHo, ro KpaTKOBpe- 
MeHHEIM (~c) CBU orxur B oTaAWaHe oT BbICOKOTeMUepatypHoro (1110 K) TepMuyecKkoro 
(30 MMH) He IPHBOAMT K pa3MEITHIO WpoduAA BHeEAPeHHOM UpHMecH UW AOBOAMT KO3- 
(uIMeHT ee HCIOAB3OBAHHA AO 100%. 

OTMe¥eHHEIe BEIIe OOCTOATeALCTBa MOCAYKUAH OCHOBaHHeM AAS WOcTaHOBKU 
HWKe IpHBeACHHBIX HCCACAOBAHHU 110 M3yYeHHIO BAMAHMA MUKPOBOAHOBOTO H3AyY4eHHA 
Ha CTPyKTyPHO-xHMuYeCKHe H 3ACKTpOcbu3suyeckHe a a HOAYEDOBOABEKO: 
BELIX MaTepHaAOB HM CTPyKTyp. 


Il. MeroAnKa 9KCHepHMeHTa 
O6bekTaMuM MCCAeAOBAHHE OLIAM MOHOKPHCTaAAWMyeCcKHe DAacTuHE! GaAs, aern- 


~1-41ni6 ni? -3 
popaHHnie Sn u Te (n =110° - 210° cm”), Hoa~roroBAeHHEIe AAT U3TOTOBAeCHUA UpHGop- 
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HBIX CTpyktTyp; n-Cd,Hgj.,Te (x=0,22-0,24), pnrpe3saHHiie 43 CAMTKOB 1 MOABeprHytpre 
MeXaHM4ecKOH COpaboTkKe H TpaBAeHHio. 

Bropow Kaacc o6beKTOB HCCAeAOBaHMIT CocTaBASAL reTepo@a3HEe CTpyKTypbi 
MeTaaA-A°B’, H3TOTOBAeHHEIe B BakyyMe 510° Topp Meroaom TEPMUVGeECKOTO HAH 3AeCK- 
TPOHHO-AyYeBOrO WCNapeHHa MeTAAAOR Ha KHMMUeCKH OUMMECHHYIO IOBEPXHOCTbh HOAy- 
IIPOBOAHHKOB. BrurGop KomloHeHT MeT@AAH3alunM OBA OGyYCAOBAeH TeM, 4TOGEI B HCCAe- 
AOBAHHEIX OMHaDHEIK CHCTeMax MOXKHO 6BIA0 GE PeaAH30BaTL AMOO AOMMHHpPOBaHHTe 
Audy3HOHHHIX mporeccos Ha dba3Hort rpanue, An6o oOpa3s0BaHHe NpoAyKTOB XuMH- 
wecKux peakliMi KOMHOHeHT rereporapEt. 

OOpa3ijbI NoABepraAtch OOAyYeHHIO B CM (MarHeTpoH) H MM (rupoTpoH) auana- 
30H@X AAMH BOAH B YCAOBHHX CBOGOAHOrO IIpOctpaHcTBa B HallpaBACHHOM pexKume. 
CooTBeTcTBylolwe waCTOTHI obayyenna - 2,45 Try wu 84 Trou. Unreacusnocts, MMUKpo- 
BOAHOBOTO BO3ACHCTBHA BAPbUpOBAAACh H3MeHeEHUeM BPeMeHUW JKCHO3HONH, BLIXOAHOM 
MOLIHOCTH TeHepaTopa, auGo “3MeHeHHeM paccToAHua AO OOAyyaemoro o6texta. Ma- 
TCHCHBHOCTh HaAatollero H3AYYEHUA IPH MaKCHMaABHOM MOLHOCTH reHepaTOpoB co- 
crapasaa 10 KBr/cm’ aas ruporpona u 100 Br/cm’ ans MarHeTpona. 

AAS w3yyenna oco6beHHocTelt B3GHMOACHCTBUA MUKPOBOAHOBOTO O6aAyueHHA C 
MOAYNPOBOAHHKOBLIMU OGBeEKTAMH HCHOAB3OBaAHCh MeTOALI, MO3BOAMIOINMe MOAYUHT 
MHopMarnio o6 sAeKTpodu3naecKnx » HapaMetpax TeCTHpyeMHIX O6BeKTOB 
(oToAromuHecyenyua (DA), choTompoBoAHMocts (MII), pearrenopcKan TOMOrpacua, 
TAABBAHOMATHUTHEIC H BOABT-aMMepHEIe M3MepeHua), XHMMUeCKOM cocTaBe (Ome- 
SACKTPOHHAA CHeKTpockonua Hw AedopMalHoHHErx xapakTepnictukax (peHTTreHOBCKaA 
aucpaxnus). 


iil. SkKchepuMentraabHEble pe3yAbTarThl 
a) ToaynponoaHHKoBBie MaTepHaasl u CTPYKTYPB5I. 

AayHEre uccaeaonannit DMA n-GaAs yKa3bipaloT Ha H3MeHeHHe UpuMecHo- 
AeceKTHOTO cCocTaBa HK TONOAOTHH AOKaABHEIX HeHTpoB B OOpasrjax, MOABeprHyTHIX 
MarHeTpOHHOMy obayuyeHHto. [TIpwyem creneHbh BANS HHA MMKPOBOAHOBOH oOpaboTKu 
ONPeCACAHeCTCH WMCXOAHBIM IPMMeCHO-Ae(eKTHEIM COCTaBOM IMOAYHPOBOAHHKOBOrO MaTe- 
pHaAa MH BeAHIHMHON AO3EI OGAyueHna. | | 

Ha puc. 1. mpeactaspaenur cnoexter DA o6pa3l0B GaAs:Sn c opmenranuelt mno- 
BepxHocTu (111) Ao m mocae CBU-marnerponHoro oOayuenua. B ucKoAHBIX cneKTpax 
HeOOAyYeHHEIX O6pa3IjOBR HabAIOAaANCh KOPOTKOBOAHOBaA MoAoca (KB) c noAo®eHHeM 


MaKCHMyMa W3Ay4uenHuaA hvpsx= 1,15 9B; 1,18 3B u 1,2 9B mw aAAMHHOBOAHORAaR (AB) - c 


HVmax= 0,993 3B uw 1,01 9B (B pasHerx oOpa3lax). [Ipusem uerencusnocts KB moaocszt 
6n1rAa B 2-5 pasa BEIe AB-noAocE. TloaylImMpnMHBI DoAoc cocraBasanu 200-300 maB KB - 
MoAocH 4 100 - 140 m9B AB - noaocu. B pe3yabrate oOAyyeHua ye mocae tos, = 6 ceK 
BO BcexX HCCACAOBAHHBIX OOpa3ijax NOoAoKeHHe MaKCHMyMOB DOAoc MA craHoBHAOcE 
OAMH@KOBEIM HM CocTaBAMAO 1,185 9B uw 1,01 3B coorsercrreHHo ipa MpenmyiyecTBeu- 
HOM yYcHAeHHH ToAocH 1,185 3B. Tloayumpuna KB - noaoce a3smMeHsAach caa6o, a AB 
MOAOCH CHadana (Ao t=30 cex) pe3Ko cy>Kanach, a Ip to6, = 62 cek BO3pocTana AO 
HCXOAHOM BeAHUMHEI WH B HEKOTOPEIX CAyWaax AawKe ee IpeBhiiiiana. , 

B GaAs:Sn (100) B wcxoanom cocrosHum nOAOKeHHe MaKCHMYMOB OBIAM AAT KB 
H AB noaoc 1,22 3B u 0,993 3B COOTBETCTBeCHHO, Ip UIpeHMylilecTBeHHOHM WHTeHCHB- 
HoctuH AB moaocsi (B 5 pa3). Yxe mpu 2 cex OOAyYeHUA 3TH 3HaYeHUA CocTaBARAN 1,28 
wu 1,04 m He u3MeHAANCh BIAOTE AO toe, = 62 cex. Untencusnocrs KB noaocrr AO tos, = 
30 ceK MpakTwuecKH He H3MeHAAACH, a AB noaocti Up MepBom xe oOAyYeHHH pe3Ko 
maaana (B 3 pasa), a 3aTeM AO tog, = 30 ceK BO3pOCcTaAa, OCTaBaxch, OAHaKO, MeHBIIIe 
MCXOAHOTO 3HaueHUA. Tipu to6, = 60 cexk o6e noAocEr ocAaGan. TloayumpuHn oGeux 
MOAOC AO OOAy4YeHHA GEIAM UIpuMepHoO OAMHAKOBEI (~180 m9B). B pesyanrare oOAy4eHHa, 
Kak HW B caydae GaAs:Sn (111), aaa KB noaocn ee 3HageHue NOUTH He H3MeCHMAHChL, AAT 
AB - TMoAocH u3MeHeHHe TOAYUIMPHHEI ObLAO HEMOHOTOHHEIM: MOAOCa CYKAAACh AO tos, 
= 6 cex (H=140 moB) uw yumpanace ao 190 maB TIPH tog, = 60 cex. 


B GaAs:Te B ucxoaHom cocTosHun HaOAIoAaAach Aum KB moaoca Cc hVma, = 1,20 
9B, KoTropad He H3MeCHAAACE B pe3yabrate o6ayyenua. 
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Takum o6pa30mM, HaMOoAee CTaOMALHEIM K BO3ACMCTBHIO CM-M3AVYCHHA ABAReCTCA 


GaAs:Te c AOMMHMpOBAHveM B cieKTpax MOA AVI OAHOK moaocnr c hvza,=1,20 3B, 
IpwpoAy KOTOPoOu CBA3HIBaIOT C KoMDAeKcaMH (Vc,-Teas) [4]. Uro kacaercax GaAs:Sn, To 
yxe MCXOAHBIe OOpa3iybl MOTAM CYIUeCTBCHHO OTAMYATLCA TIO 1puMecHo-AepeKTHOMY 
COCTaBy, O YeM CBHAECTeALCTByeT pa3s6poc B NOAOKeHHAK HW HHTCHCHBHOCTAX HaOAro- 
AaemErx AB uw KB noaoc B pa3HEIx o6pasnax. Aaa Taxkux Kpucraanaosp CBU o6ayyenue 
yxRe Ip CaMbIX MAABIX AAMTeCABHOCTAX BO3ACHCTBUR BAMAeCT HA COeKTp TOUeUHEIX AeC- 
eKTOB CTpyKTyphi. CyxKeHMe MOAOC NPM MAaALIX H cpeAHHX AO3ax OGAYHeHHA (AO too, 

16 cek) cBHAeTeALCTByeT 06 yaysileHuH oOlero yHopsxAOveHHA CTpyKTypHI pellleTkKu 
BO3MOXHO B pe3yAbTAaTe YBCAMYEHHA NOABHOKHOCTH AMHCHHEIX HW TOUCUHEIX Ae(PeKTOB H 


AaKTHBAMM Ipoleccon ux rerrepupoBanusa. Berxoa hv,,., KB a AB foaoc Ha OAMHAaKo- 
BLie 3HAYCHHA B Pe3yAbTaTe OOAyYeHMA TakKKe CBHACTEALCTBYeT B TOAB3Y 9TOTO ABAe- 
HHA. | | 

Boaee cyujectBenHoe BpauaHHe CBU u3ayueHua na KB-moaocy, a Takxe OTHOCH- 


TeAbHadA y30cTb AB MOACCH TMO3BOARIOT IPeCANOAOKUTL, uTO YeHTpH KB oaocsr (hVmax 
1,185 m3B) ecrbh neHTph pexomOnHalHH, T.e. M3AyaeHHe BO3HUKaeT IPH peKoMOuHa- 
uw HepaBHOBecHEIX HOCKTeAeHM TOKa, a M3AyyeHHe B AB HoAoce ABAMeTCH BHYTP- 
T@HTPOBHIM, T.e. H3AyYeHHe MpPOMCKOAMT IPH 9ACKTPOHHEIX DepexoAax MexKAY ABYMA 

YPOBHAMH (OCHOBHEIM HM BO3OyYXACHHEIM COCTOAHMeM) OAHOTO LeHTpa. 
B aurepatype moaocy, Oam3Kylo K HaOAIOAaeMOM Hamu B GaAs:Sn KB noaoce, 


CBA3BIBAIOT C KOMIIACKCOM (Vga-Sna,s) [4], a Moaocy c hv,,,=1,0 3B c mpucyrcTBHeM B 
KpHcTaAAax (BO3MOKHO HeKOHTpoAnpyeMo) Cu [5]. OaHako, B oTawune oT [5], moay- 


YeHHBIe B AGHHOH paOoTe AaHHEIe (OTHOCHTeABHAA y30cTb moaocnr 1,01 aB, H =100 + 
140 m3B um Goaee caaboe BAHaAHMe Ha Hee CBU o6ayyeHua) TO3BOASIOT IPeATOAOKUTE, 
4aTo H3AyaeHHMe B AB-nOAOCe ABASeTCH BHYTPHIGHTPOBbIM, a He CBA3aHO C 3aXBaTOM 
S9ACKTPOHA M3 C-30HEI Ha Cuc,. Mepexoan MexAY TOAYpOBHAMU, pacitjenAeHHOM B KpH- 
cTaAAMYecKOM Tone d-oGoaouKnH Cu mu cbopmupyror crpyKtypy AB moaocut DA. 

Yro Kacaercad H3MeHeHHH WHTeHCMBHOCTH noAoc DA B MCCAeAyeMBIX KPHCTAA- 
AaX, TO OHM MOTyT OITh BLI3BAHBI CACAYIONIMMH OGCTOATEABCTBAMH: | 

1) U3MeHeHHeM KOHDeHTPanwu COOTBeTCTBYIOWUIMX WeHTpOR CBeYeHHA; 
2) W3MeCHEHHeM BePOATHOCTH H3AyYaTeCALHOTO 3axXBaTa HOCUTeAeHi Ha ICHTPHI 
cBeyeHua; : 

3) H3MeHeHHeM TeMIlIa pexomMOuHalwM Yepe3 NeHTpH Ge3bi3AysyaTeABHOH peKoM- 
OnHalnn. | | 

Tleppas 43 ynoMaHyTHX CHUTyaluii MOKeT peaav30BaTbcA Ip pa3spylienun WAU 
o6pa30BaHWH COOTBETCTBYIOINMX TeHTpoB, CTMMyAMpOBaHHEIX CBU oGayuenuem. Ilo- 
CKOAbKy eHTpbhi KB w3ayuenusa ecTb AOHOPHO-akljenTOpHbie KOMIAeKCEI (VGa-SNas), TO 
Iipw WX pa3sBare AOJAOKHE! OLA ObI NOABUTLCA HOBIE ToAocH MA, T.K. Vo, TaKKe AB- 
AACTCA IeCHTPOM cBeveHuA. HOBbIe MOAOCHI OTCYTCTBYIOT. 

Ecau He U3MeHHeTCA IpMpOAa WeHTPpOB CBeweHHA, TO MaAOBepOATHO M3MeHeHHe 
HHTCHCHBHOCTH TOAOC, CBA3aHHOe Cc 2. 

Uro xe KacaeTCd H3MeHeHME B KaHaAax Oy3bI3Ay¥YaTeEABHOM PeKOMOMHALMH, TO 
OHH OFeHE BepOATHHI XOTA OH ye MOTOMY, Yro BAMAHMe CBY- “H3AyYeHHA Ha WHTeH- 
CHBHOCTb HaOAIOAaeMEIX HOAOC pa3HOe H 34BHCHT OT HCXOAHOTO COCTOAHUA KPUCTaAAOB. 


IIpuw BpeMeHax oOayueHua >60 cek HaOaloaaeTCA ycHaeHHe AerpaAaljMOHHBIx 
mponeccos B GaAs. YMeHbilaeTCA MHTCHCHBHOCTA O6eHX HOAOC HW MpoMcxoAUT ux yuM- 
peHie, YTO CBHACTeALCTBYeT O pocTe KOHUeHTpalun AeeKTOB B KPHCTaAAe. 

BaMsaHe MOIMHOTO MM-H3AyYeHHA, Ha MOPAAOK w OoAee LpeBEUAwlHH ypoBeH 
MMKPOBOAHOBOTO BO3ACHCTBHA CM-AMalla30Ha, Ha CNeKTP WeHTPOB H3Ay4aTeAbHO pe- 
KoMOuHayuM GaAs OoAee HeOAHO3HayHOe, XOTA OGIIMI BEIBOA O POAM MCXOAHOrO IpH- 
MeCHO-ACeKTHOTO COCTaBa MaTepHaaa Ha TOCAeACTBUA TaKHX OGpaGoTOK UMeeT MeCTO 
HB aToM cAy4ae. B [3, 6], MoAaratoT, uTOo Up Takux MouiHOcTax CBU oG6ayyenna no- 
rAOleHHoe H3AyaeHue IPHBOAMT K ero CHAbHOMY pa30rpeBy. OneHku, cAeAaHHEle B [6] 


ORAS eater 4TO 3a BeECbMa KOPOTKOe BpoMn (t<3 cex) IPH HHTeCHCHBHOCTH H3AyueHHA 


1 KBt/cw AOCTHuTaeTcaA TeMHepatypa ~600°C. 
YUHTHBAI KpaTKOBpeMeHHOCTE OTKUTa, 9JTO He AOAKHO UPMBOAMTS K cyltle- 


CTBCHHEBIM HYH3MCHECHHAM WMHTCHCHBHOCTH KpaeBou MOAOCHI BW3AYCCHueA, a HOABAeHHe HO- 
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BEIX IIPHMECCHBIX TOAOC AIOMMHeECHeHHHH C Vinay = 1,02; 1,30 w 1,35 3B cpa3nrBaaocns B 
[6] c noBepxHocTrHEMH 3arpa3HeHHAMM Cu Hm ee Aucbdysuek B oGbem. B orawuue or [6] 
MBI HaOAIOAaAM TepecTpoiiky CTpyKTypbI cCuexTpos MA B AMala30He 9Hepruli 0,60-1,50 
3B. STO AaeT OCHOBAHMA WOAaraTh, UTC Hp BO3AeCHCTBUK MOM{HOTO MHKPOBOAHOBOrO 
HSAYYeHHA Wpolecc pasorpeBa OAHOdbasHOTO MaTepHanAa MOxeT COIPOBOKAATECA BO3- 
HHKHOBCHHeM CHABHEIX TpaAHeHTOB TeMiepaTyphl H AedopMallvoHHETX HaupaAKeHun, 
H3MCHAIOM[MX CTPyKTypy HW TOMOAOCTHIO AOKAaALHEIX yextpos. B stux ycaosuax xapaxrep 
HepecTpouku IpuMecHo-aedexTHoro cocTaBa TOAYHPOBOAHHMKOBEIX MaTepHaAOB 3aBl- 
CHT He TOABKO OT IpeAMCTOpHM AcCAeAyeMEIX O6pa30B, HO u YCAOBHH ux oGayyueHus. 
Cam qakr BausHua CBY-w3ayyenusa Ha SACKTPHAIECKYIO AKTHBHOCTB AedeKTOB oTMe- 
waaca u B [7] DpH uccAeaoBaHun Si, AerupoBaHHoro B u P. ABTopH MOAaTaAH, 4TO B 
mpomecce oO6ayyenua UpOMCxoANT H3MeHeHTe 3@PHAOBOTO COCTOAHHA MeTacTaGHAbHBIX 
HeHTpoOB, B pe3yAbTaTe Yero OHM MepecrpaMBatoT CBOIO CTPyKTypy, T.e. H3MeCHHAIOTCH 
apaMeTph rayOokux pekomOuHalvoHHErx WeHTpoB (rayOokue TpaHcdbopmupyiorca B 
MeakHe). | | 

Ha w3MeHeHHa MexaHnuecknx HallpsKeHuH B GaAs ykKa3brBalor A@HHETe pAMEIX 
H3MepeHun ocobenHocTert CTpyKTypHON peaakcaynun obpa3ros, TOABECPrHyThIX MUKpo- 
BOAHOBOH O6pa6orke. | 

Ha puc. 2 mpeacrapaennt AaHHEre, ACMOHCTpHpylollve H3MeHeHHe paauyca KpH- 
BU3HBI TAactHun (100) GaAs:Sn (n=3'10"° car? N, = 10° cm’, d = 300 MKM), MOABepr- 
HYTOH CTaHAapTHow oGpadorKe (MexaHvwuecKad NOAMpoBKa, xumuyecKoe TpaBAenne) 
BAOAb OAHOM 43 KOOPAMHaT TOcAe MarHeTpoHHoro oG6ayyenusa 100 Br/cm’, BYAHO, 4TO 
HSMeHAeTCA He TOABKO paAMyC KPHBY3HEI, HO W 3HaK W3ruGa. TIpwuem peaakcarua Me- 
XaHW4eckuX Aetbopmanmi sBAdetca AAHHHOBpeMeHHOH. Ee xapakTep 3aBHCHT OT 3HaKa 
4 YPOBHA HCXOAHEIX AectbopManul o6pa3r0B (puc. 3 a, 6). | 

Tloayaenunie 00 MeToay BopMana peutrenoscKue TONOrpaMMbI STux OGpa3roB 
HPeCACTaBAeHE! Ha puc. 4. Buano, aro MHKPOBOAHOBAA o6pa6oTKa UpuBOANT K ABYyM TH- 
aM CTPyKTypHHX H3MeHeHHT B KpHcTaaAAe - K MHTCHCHBHOM reHepallwu AMCAOKalHi 
H3MCHAeCT Pa3sMepH CKODACHHE TOWeUHEIX AeexTos. | 

HaGaroaempie oco6enuocrn peAaKcaljwu OcTaTOuHOn AedopmMannn, ee OCIIHAAH- 
PytOlljM XapakTep mMerIOT MeCTO HM AAS MOHOATOMHEIX MOAYIPOBOAHMKOBBIX MaTepHa- 
AoB. Tak, B pa6orte [8] upm uccaeaoBaHun KPCMHHCBEIX IAACTHH TOAMMHON 0,35 - 0,40 
MM C OpHeHTalive Hopepxuocry (111) nocae CBU orxnra (f= 37 Trou, P=0,1 xBr) 6z110 
o6HapyxXeHo, uTO KHHeCTHKA PeAaKCalMM OCTaTOUHEIX AecdbopMarnit CYII|e€CTBeHHO oT- 
AMMGeTCA OT CAYYAaA OOLIYHOTO TepMHYeCKOrO OKuUTa B BakyyMe HAW Ha BO3Ayxe HW HO- 
CHT CAOMKHBIM OCcIMAAMpyroninit XapakTep C ABHO BEIPAKeHHEIMH aTepMHyeCcKHMH 
yuacTKamMu (3Heprua akTuBanun <0,065 3B). O6a cnoco6a omxura MPpHBOAAT K OAMHAaKO- 
BEIM Ppe3YAbTaTaM AMIIb IPH AOCTaTOYHO AAMTeALHEIX MHMKPOBOAHOBHIX BO3ACHCTBHAX, 
oGectteauBaiollux pa3orpes KPHcTaAaa B AMatla30He 400 + 700°C. 

BAWAHMe HCXOAHOrO IpuMecHo-aecbeKTHOrO cocTaBa H MOp@oaormH WoAynpo- 
BOAHHKOBOTO MaTepwaAa Ha xXapakTep H3MeHeHHA SACKTPOMU3H4eECKHX TapaMerpos, 
BHISBAHHEIX MUKPOBOAHOBEIM OOAy¥eHHeM, ObLAO TOATBepKACHO pH HMCCAeCAOBAaHHAX 
Y3KO30HHBIX TOAYMPOBOAHHKOB Ha OCHORe TBEPABIX pacTBopoB Cd,Hg)..Te (KPT). 

B ta6a. 1 mpeactaBaeHnti PeSYAbTaTHI HCCACAOBAHMM TaALBAaHOMAarHUTHRIX H cbo- 
TOSACKTPUYCCKHX ABACHHM AAT ABYX Ipyum o6pa3now n-Tuna. 


Ta6anna 1 








TpaHunst 3epen, MaAOyT- | 
AOBbIe TpaHUUE Hi Ap. 
AHOM@ABHEI xo, R,(T) 


cBY_ | 354 | 06 
CTpyKTypHo COBepieH- 


MCX. 5,1 20 
HbIe, CTaHAapTHLI BHA 


Marepuaan 6-47 Meaaynapoanolt pencnel Muxponornosoit Kouepenynu AbacHuRe'F6. 16-19 cenr6pa 1996 r., Cenacronoaa, Kppim, Yxpauna 7 5 
Proceedings of 6th International Geemean “Mecrowave Gonference Criti2a'96 . 16-19 September 1996, Sevastopol, Crimea, Ukraine , 


















R, - KoscdbdbunverT Xoaaa. 

B o6pa3yjax rpynusr I mocae CBU o6pa6orox HaGAIoAaAaCch KOHBepcuA Tuna Ipo- 
BOAMMOCTH HM NOHWKeHMe BPeMeHH KH3HH HepaBHOBeCHEIX HOCHTeAeH 3apaaa 7. Tipw 
3TOM XapakTep H3MeHeHUA TapaMeTpos oOpasiop GHIA TaKMM Ke KaK WM B XOAe Aerpa- 
AAW WaacTuyeckH AePOPMHpOBAHHEIX KpHcTanAoB [9]. B Tome BpemMaA AAT AOCTATOUHO 
OAHOpOAHEIx OOpa3yoB rpyunet II o6pa6oTKa Bp CBU noae npuBoawaa K yBeAMUeHHWO 7 
(puc. 6., TaGa. 2). Aare, IOAYYeHEBIE 13 TEMIEPpaTyPHbIX 3ABHCHMOCTeH T, B 9TOM 
cAydae CBHACTeALCTBY1OT 00 YMeHbIIeHMM KOHNeCHTpalu peKoMOuHal|HOHHO aKTHBHEIX 
I€HTpoB, HMeIOMNINX SHepreTHuecKHe yYPOBHH B BepXHeli DOAOBHHE 3alpewieHHOM 30HBI 
TaOA. 2. | 





Ta6anua 2. 
Cocmas |Bug  o6pa-| R, (77 K), 


j R,o (T=77K)| Ey Ney | (#7 K) 
Gomxu cm’ /K cm’/v.c M3B cM ceK 7 






fucxoaumnt | 1310" | 1,410 70___| 6310’ 
x=0,22 1410" | 9610° | 70 210" |... 30... | 
10° | 0. fr 2.210 


HiccaeaoBaHiat BAHAHMA DAacTHyeckol AecbopMalwM myTemM HHAeHTHpOBAHHA 
Up DOMOMM UpH3ME BuxKkepca c Harpy3Koli Ha wHAeHTepe 10 c u WAOTHOCTH HHAeH- 
THpoBaHHA Now, = 10* cm? oOpasijoB STO rpymiE AO u Mocae CBU oGpa6orxn upuBean 
K OOHaPyKeHHIO ABACHHA TOBKIMIeEHHOM ycromuuBocTu 9ACKTpOH2NFeCKHX Tapa- 
MeTpoB OGAYYeHHEIX O6pa3loB K TAacTuyecKol aecbopmanuu. Kax CACAYeT H3 pic. 6, 


TeMUepaTypHble 3aBHCHMOCTH tT OOpa3ljOB, MOABeprHyTHIX HHACHTHpPOBaHHMIO, TocAe 
CBY o6pa6orKu coBmagator c ucxoaHol (Ao CBU o6pa6orxu) 3asucumocrsio. Tipu 
STOM He HaOAIOAaAOCCh M3MeHeHHH R, B OOAACTH IpwMecHOl MpOBOAHMOCTH uM He “3Me- 
HAAOCh SHepreTmyeckoe NOAOMeHHe PCKOMOMHALMOBHO AKTHBHBIX IeCHTpoB B OTAMUHE 
OT He IIpomeaumx CBU o6paborky o6pa3nos (cm. taG6a. 2). | | 

Ecaw AONYCTHTb, YTO OCHOBHEIM MeXaHH3MOM AMCCHNAalHH 9Hepruu MOraomeH- 
Horo CBU w3Ay4ueHHuA ABAMeTCa pa30rpeB, TO HaGAIOAaeMBIe OCOSeHHOCTH U3MeHeHUA 
TapaMeTpOB MaTepHaAOB MOTYT ObITb CACACTBHEM CTHMYAMPOBaAHHO MUrpaliuH peKom- 
OMHal|MOHHO-aKTHBHHIX TOYeUHEIX AedbeKTOB WH IpuMeceli Ha sHepreTHuecKH ycroiuu- 
BbIC CTOKH: MAAOYITAOBble TpaHHbl, AMCAOKalNuM M T.A. Heab3a Take MCKAIOUNTh pac- 
aA, MeTaCTaOHABHEIX AectheKTOB, "3a€MOPOKeEHHEIX" UpM KOMHATHbIX TeMiepaTypax, H 
Aucdy3HH UX KOMMOHeHT Ha TepMM¥ecKH cTaOMAbHEIe MpOTAKeHHBIe AetbeKTH. TaKoe 


CTHMYAMpOBaHHoe reTTepHpoBbanue MU NPOABAMeTCA B BUAC HEKOTOPOTO BO3POCTAaHHA T. 
“CBexkue" AMCAOKaIMH, BBOAMMEIe Up WHACHTHPOBaHUM, AOCTATOUHO OEICTpO 
“apopoctarot" yepe3 BcIo ToALy oGpa3iya (HeT OTAMUMI BT, H3MePeHHEIX KaK CO CTO- 
POHHI HHACHTHpOBaHHOW, TaK HM HeEMHACHTHPOBAHHOM noBepxHocTelt). OaHaKo cbopmn- 
poBaHue Ux aTMOccbep MPOMCKOAUT B YCAOBMAX, KOIAa B OCHOBHOM MaTpHuIe KpucTaaaa 
KOAMYeCTBO AetpeKTOB, CPOpMHPyIOljuX NpHMecHbIe AMCAOKaIMOHHEIe aTMOC(pepsE, 3Ha- 
YHTCABHO MeHbule, YeM B OOpa3slax He NOABeprHyTErx CBU o6pa6orxe. BcaeactBue 3To- 
ro, BBeACHHbIC TPH MHACHTMPOBAHHH AVMCAOKAIHU OKa3bIBaIOTCA He B COCTOXHHH 
CPOpMUpoOBAaTE DPHMecHEIe aTMocdepsI, CNOCOOHEIe KAYeCTBeEHHO M3MeHMTB pekom6on- 
HaljMOHHBe XapakTepucTuKH oOpas3iia. 

| Takum o6pa3om, CBU o6pa6orka ToAyHpOBOAHMKOBLIX MaTePHaAOB OKa3bIBaroT 
cylljecTBeHHoe BAMAHMe Ha CIPyKTYpHO YYBCTBUTeALHEIe XapaKTepkCTuKU TOAyupo- 
BOAHMKOBBIX MaTepMaAOB. CTeleHb STOFO BAMAHHA 3aBHCHT OT UpeaMcropuu u upHpo- 
AbI HOAYHPOBOAHHKOBOYO MaTepHaAa, PeKHMOB OOAYYeCHMA H MOKET IPHBOAMTH Kak K 
yAywlleHHio TapaMeTposB MaTepHana (romoreHH3ayua, reTrepupoBaHHe), TakK H K HX 
Aerpaaarun. AAdT OKOHYATeCABHOTO EBIBOAa O MeXaHH3MaX CIPyKTypHOM peaaKkcaluu B 
NOAYMpoBoAHHKax pH CBU o6paborKax Heo6xoaHMo WpopeAeHHe AA@AbHeHIIMX UccAe- 
AOBaHuK. 
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6) Tpannija pa3sjeaa MeTaAA-TOAVHPOBOAHMK. 

B ta6a. 3 upupeaenEr HeKoTopEie SAeKTPO*UusHyecKHe WapaMeTPH AHOAOR 
Mlorrxu (BEIcota Oapbepa Op, PAaKTOP HevAeaAbHOCTH N, AAMHA AUcdy3nn Lp) Ha OCHO- 
Be TOAYIpOBoAHHKoB A°B”, NOABePrHyThX pa3saAHyHEIM O6paSorKam: CBU (f = 10’°T ui), 
P = 100 Br/cm’, t = 1 cex), oTmKur up 573 K, t = 10 yac. (ans rerepoctpykTyp Ha 
ocHope Mou W, t = 8 yac.); y-oOayueHne a Ole) A030 10° 7. 

B taGa. 4 WpeAcTaBAeHH A@HHEIe oO BATSEHIO MOIgHOTO THpOTpOHHOTo oGayue- 
naa f = 10 Tn, P= 5 KBr/cem’, t =2-5 cex) H@ YCpeAHeHHEIe RapaMeTphI KOHTAKTOB 
MeTana-GaAs u Mx AUCHepcHto. | 
































TaGanna 3 
Tun KMII Bug o6pa6om- Qz, 3B no - Lo LM 
KU 
| Al-GaAs un 0.55-0.58 | 1.68-2.20 | 16-19 
CBY 0.57-6.58 1,30-1.40 2.0 
oO 1 0.51-0.55 1,90-2.30 07-08 | 
Pt-GaAs iy — -T 0.88-0.95 1.12-1.37 21-99 
: CBY 0.88-0.29 1.18-1.24 2.1-2.2 
0.53-0,57 2.37-2.80 0.5-0.7 
0.92-0.95 1.08-1.10 2.5-2.8 
1 0.88-0.92 | 1.17-1.30 2.0-2.2 
0.90-0,92 | 4.12-1.15 2.3-2.5 
0.51-0.60 | 2.20-2.70 0.55 
0.93-0.96 1.10-1,.20 2.4-2.6 
0.73-0.75 ~ 1 1.47-1.24 6.5-0.7 
0.76-0.77 | 4.08-1.09 1.2-1.4 
0.73-0.75 | 1.20-1.24 0.5-0.6 
0.75-0.77 1.08-1.10 1.2-1.6 
0.70-0.76 . 1.12-1.17 0.9-1.1 
-0.75-0.70 1.04-1.08 1.0-1.3 
0.56-0.62 1.80-2.10 0.12 
| 0.74-0.76 | 1.07-1.10 1.2-1.5 
| 0.68-0.69 —‘|-'1.16-1.23 
0.68-0.69 1.09-1.14 
0.68-0.69 1.10-1.12 
0.68-0.71 | 1.10-1.12 
0.65-0.66 1.20-1.40 
0.69-0.70 1.09-1.12 
0.65-0.66 | 1.10-1.17 
0.69-0.72 1.08-1,17 
0.70-0.71 4.15-1.17 
| 0.72 1.09-1.10 
| 0.72-0.73 1.08-1.13 
| 0.72-0.73 ~=| 1.45-1.17 
0.74 1.07-1.09 
| 0.73-0.75 1.09-1.13 
10.75 ° ——~«~S*SC 
0.76 1.02 
0.74 1.36 
| 0.76 1.16 : 
0.67-0.69 1.5-1.8 eL 
0.63-0.65 _ 1.2-1.4 1.7-4.75 
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0.69-0.71 - | 1.78-1.82 
| 0.77-0.80 1.73-2.73 1.55-1.7 
0.75 1.14-1.73 1.73-1.8 


0.76-0.77 1.52-1.61 1.75-1.84 


Se ee 
















AE ICT Seki CR rads 


TaGanya 4 







Tun KMIT | , Hapamempbl u ux gucnepcua 
: PUR PUT =A Ye RETOSTLER AP VO LOA SPS SECEDE Aa, ra SLO 7 VAS. Vt Aprende ire mu t=aeer PAPE PESO LENE igo 
Hcxogupie Tlacae o6ayueHusr 
| = hoe ec morn lene psaten i 
| | 78 7 oD 
| — | mf 7 =, ‘4 10 
Pp, 3B An 1a, Op, 9B AQ, n An | 10 
| | | c 3B | 
. | . 88 im e 


3 [088 [002 iat To 
0,2 28.9 - 0.04 1.26 





IIpeactaBAeHunie B Ta6a. 3 u 4 AAHEBIe HCcAeAOBaHuM BAX AMOAHLIX CTPyKTYP, 
oOpa30BaHHBIX MeTaAAaMM HW COAARAMH C pa3sHol XHMMHUECKOM AKTHBHOCTBIO 110 OTHO- 
INe€HHIO K NOAYIPOBOAHUKY, HO3BOAIOT 3AKAIOUNTE: 

+ He€3aBMCHMO OT THIia MeTaAAM3aliMM KpaTKOBpeMeHHEIe MarHeTpOHHEIe oO6pa- 
OoTKH UIPHBOAAT K YAYUIIeHHIO 9AeKIpCibusuueckux TapaMerpob WoOBePpXHOCTHO- 
6apbepHEIx cTpyktyp. XoTa cTelleHb sTHX W3MeHeHH AAT PasHEIX DapaMerposw pa3au4- 
Had. CaaOo M3MeHHeTCaA BeAMUMHA Oapbepa fs, HECKOABKO CHABHeEe dbakTop HeMAeaAs- 
HOCTH, IpHOAMKaAch K TeOpeTHYeCKOMYy 3HAYeHHIO AAMT WACAAbHOTO KOHTaKTa. Boaee 
3HAYHTeALHOe BAMAHHe - Ha yMeHbIIeHHe sdbdeKTHBHOLO BpeMeHM RKU3HH HCOCHOBHEIX 


HOCHTeAeH tp H ANCdy3noHHyr10 AAMHY Lp. YunTsrRaz, To tp, KAK HW CueKTpHI DA, Hecer 
wHdopMarMio 06 odbceKTHBHOCTH MepecTpow#KM peKOMOMHAaNMOHHEIX WeHTPOB, BO3po- 


cTaHHWe tp CBMAeTeALCTByer 06 reTTrepHpyloljem Aeicrpuu CBU o6pa6orku, o6ycaoBan- 
BatoujeH YaCTHYHYIO AHHUTHAAIUMIO HCKOAHEIX CTPyKTYPHBIX AedeKTOB B IpMKOHTAaKT- 
HBIX CAOAX MOAYIIPOBOAHHKA; , | 

- yBeAHYeHHe MOHOcTu O6AyueHHA (rHpOTpoHHas OOpaborKa) auG6o He “3MeHs- 
eT HapaMerpoB AMOAOB (NO cpaBHeHIO c HeOCOAyueHHEIMM), AMGO AaKe HECKOALKO HX _ 
yxyAllaet (ucKAIO¥“eHHe - crpyKTypa W-GaAs)ipa yMeHBINeHHM AMala30Ha CTaTuuecKo- 
ro pa36poca ux TapaMerTpos: 

- H3Me€HeHHA TapaMeTpog Awoaos Ulorrky, noaseproytix CBU oGayueHnto, 
HOAHOCTBIO KOppeAMpyloT C XépakTepoM HX W3MeHeHHK B CTpyKrypax, HOABeprHyTHIX jy- 
o6aydeHMio (p, MeHAeTCA He3HaUMTeABHO; poct Lp, yMeHbieHMe n) MH COBepllieHHO OT- 
AHYHO OT TEPMOOTRKHIOB. 

HabdaroaaeMble W3MeHeHUA SACKTPO*UZHIeCKUX HapaMeTpoB AMOAHEIX CTpyKTyp 
ABAAIOTCH CACACTBHCM CTPYKTYPHO-XHMWMeECKOH Tepectpohku MemdbasHEIx rpaHyn 
KOHTaKTOB MeTaAA-OAYNPOBOAHHE upa CBU ooaysenun. AAS BbInCcHeHMS ocobeHHO- 
cTeH MexK(a3HEIX B3aNMO,elicTBHE OIA WpoReACH CpaBHRYTeABBH aHaau3 Oxe- 
mpodHAew KOMNOHeHT rereponap Me-GaAs, oSpasonanHIx METaAAAMM c pa3sHou xuME- 
wecKOH aKxTuBHoctTsio (Pt, Ti, Al} ac w tocae CBY o6paGorka. Kax caeayeT 43 mpHBe- 
ACHREIX ccAeaoBaHnN, CBY oOpaSoTKa EPHBOAMT K CTPYKTYPHO-XHMMGeECKHM UpeBpa- 
IjeHHAM Ha MexKa3sHbIx rpannyex (MOT) Me-GaAs ypex BrAor. 

| B cayyae rpanuin Pt/GaAs (pic. 6) memcbasHiie R3amMoaclicTena MOMHO Dpea- 
CTaBHTb peakiHel: 
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Pt + GaAs -» PtAs, + (PtGaAs) cnaap 


IIpwuem HaOaroAaeMoe WHTeHCHBHOe oO6pa30BaHHe 3HAYHTeABHOLO 110 TOAINMHe 
CAOH APCeCHHAA WAATHHbI 3a BPeMA OOAYYCHHA HECKOABKO CeK He MOXKeT G6LITh NOHATO, 
OlMpaxach TOABKO Ha YHCTO TepMHYecKuH cbaKTOp, CBA3aHHE Cc HarpeBom reTepOKOH- 
TakTa B CBY noae. Apyrok oTawunreabHolk ocoGeHHocTEIO C'BU o6pa6orKu OT TepMn- 
WECKOM ABAACTCA OTCYTCTBMe MocAcHHOoro pacmpeaeaeHua IIPOAYKTOB peaKIJMu B KOH- 
TaxtTe Pt/GaAs. 


Aaa rpanmupr Al/GaAs (puc. 7), ckopee BCerO UMeeT MeCTO peakKIHA 3aMelleHuaA: 
yAl + GaAs -—> (y-x)Al + Ga,,Al,AS + xGa, 


XOTH AAT €€ MHTCHCHBHOrO DpoTekKaHua HeEOOXOAMMa AOCTATOUHO BLICOKaA ( >725 
K) Temiepatypa, ABHO HeAOCTuraemas IpH MarHeETpOHHOM O6ay4eHHH. 

Mcxoaa 43 BEIMIecKa3aHHOro, TiO-BHAMUMOMY, HeOOXOAMMO yU4HTLIBATh H Apyrue 
He TepMMuecKue (haKTOpH, ycHAMBaloujHe Mexda3Hble B3auMoAelicrBua. B cayyae ru- 
POTpOHHOrO O6AyYeHUA STO - HHAYIMpoBaHHOe 3AeKTpHuecKoe TOAe B KOHTaKTe, CTH- 
Myaupytomiee HHTepauddy3ui0 MeKAY erO KOMIOHeCHTAMH, @, CAC@AOBATeCABHO, CHH- 
Marolljee KHHeTHYeCcKHe OTpaHvieHAA AAA WpOTeKaHuA peakrnit. 

Ha cyljecrBeHHyt0 poab lepememmBanna, BHI3BaHHOrTO CBU o6pa6oTKoH, B XH- 
MMYeECKOH Nepecrpolike MOI yxas3zrBator AaHHEe, NOAyaeHHHIe Ha CTpyKTypax Au 
(Ti/GaAs) (puc. 8). OGHapyxenuire u3MeHeHHA Ha WpOvAAX pacNpeAeaeHusa KOMMO- 
HeHT KOHT@KTa MOKHO CBA3GTb C POCTOM OKCHAHOM cba3bI TuTaHa. TlocaeaHee craHo- 
BUTCH MOHATHEIM, CCAM YUecTb, YTO POCT OKHCAa CONPOBORAaerca YCHACHHEIM IpoHuK- 
HOBeCHMeM aTOMosB Au K rpaHute pasaeaa GaAs, KOTOpbie, KaK H3BeECTHO, Ppe3KO YCHAH- 
BacT OKHCAMTeCABHbIe Iponecch. YUMTHBAA BEICOKyYIO AKTHBHOCTH Ti 10 OTHOIIeERHIO K 
KUCAOPOAY STOT Mporecc OyAeT CABHHYT OT MOAYNPOBOAHHKa B CTOPOHY Meraaaa. 

MuteHcupnoe o6pa30BaHVe apceHHAHoH AAT mepexoaos Pt/GaAs uw oKHCHOH AAA 
Ti/GaAs qcba3, pacTBopos 3amMemenusa AAa Al/GaAs cnoco6crByer TepexoAy OT CHABHO 
AccTpYKTHPOBAHHbIX XUMUYECKH TeTepOreHHEIX pany K Goree OAHOPOAHEIM Hi OGeCc- 
TewiBaeT HaGAIOAAeMBIe U3MeHEHMA UX 3ACKTPOMH3M4eCKHX TapaMerpos. 


'B) Auckpertaire nprGopi (AnoaH, Tpan3EcTopni) 

B mpeabAymynx pa3saeaax GBIAM paccMoTpeHBI HeKOTOpHle D€PpBHUYHHe ABACHHA, 
BOSHMKaloulwe Tp HeMOCpeACTBeHHOM Bo3AelicTBHH MoujHOro CBY w3ayaenua c ILOAYy- 
MPOBOAHHKOBHIMH MaTepHaAaMM WM TeCTOBLIMM CTpyKTypaMW MeTaAA-IIOAYHpOBOAHHK. 
OHM DpMBOAAT K yCHAeHHIO Mextba3HOli AMddy3un uw xuMMYeCKOrO B3aHMOAeIICTBUA 
Ha Mex@®a3HbIX rpaHHiyax, H3MeHeHMIO mporeccon reHepalluu-pekoMOnHannun Kak B 
OAHO*a3HEIX MaTepwanax, TAK HM CTpyKTypax Ha UX OCHORe, YTO B KOHEYHOM cueTe MO- 
Ker OMT NpwHwMHOU AerpaaanMu ux SACKTPOPu3sn4eCKUX napaMetpos. [lo-puaumMomy, 
yka3aHHble cbu3swueckue acpdbeKThI MOTyT HMeTE MeCTO H ip B3aMMOAeCMCTBHH MOLT[HO- 
ro CBY Toad c rOTOBLIMM AMCKpeTHEIMH upHGopamn. UccaeaoBaHua, BLINOAHeHHEIe Ha 
SACMCHTHOH 6a3e AHOAOB TPpaH3UCTOpoB, NOKa3aAv, YTO BO3AeCHCTBHe MOMHOTO CBY 
HSAYYEHUA XapakTepH3yeTcA TpeMaA cTemeHAMH paOoTocnocoOHOcTH 3THX Wpusopos: 
BpeMeHHbIe COoM dyHKUMOHHpOBaHHA, ycToIMBEe u3MeHeHHA HWapaMeTpoB UW KatTa- 
cTpoduuyeckas Aerpaaanna. — 

TlocKoanky acbctbeKTUBHOCTE BO3AeCHCTBHA 3aBMCHT KaK OT HapaMeTpoB M3Ay4e- 
HMA (MOIJHOCTH, YaCTOTH, MOAOCHI YaCTOT H AAMTeABHOCTH), TAK HW XapakTepucTuK O6B- 
eKTa (MaTepuaaAa, reomMeTpHu KOpIyCoB H BEIBOAOB, OpHeHTaNHH OTHOCHTeABHO BeKTOpa 
E-n10aa), a Take ckeMOoTeXHHWeCKHX oco6eHHOCTeH, aHaAlH3 3aKOHOMepPHOCTeht OTKa30B 
IIpHOOposB H BLIXBAeHHe HHdoOpMaTHBHEIX HapaMerpos, ompevAeasioujux ux paborocno- 
COOHOCTh, IpeACTAaBAAIOT CAOKHYIO 3aaAaqy. 

OcoGeHHOocTBIO BO3AelicTBua CBU H3AYYCHHA MA@AOM AAMTeCABHOCTH Ha AVCKpert- 
HbIe IpHOOpE ABAMeTCA AOMMHMPOBaHHe NOACBOrO MexaHu3Ma Aerpaaalyuu, uMerouje;ro 
HOporoBhid xapaxrep. IIpoapaenue Tow wan nHOm crenenn AerpaAaluu uMeeT MecTO 
AHItb Ip IpeBhUINeHUH ONpeACACHHOTO yYpoBHA HalpsaAKeHHocTH oA Ey. B ta6a. ripu- 
BeACHBI MOPOroBble YpOBHM NOBpexXACHMA HeKOTOPEIX AUCKpeTHEIx CBU IpH6opos B 
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CcpaBHeHMH C 3HeprerwuecKHMN (TeCDACBLIMM) BoporaMu Aerpaaaluu Wy. Tloaesot me- 
X@HH3M NPHBOANT K MHOXKeCTBeCHHOCTH DOBpexAeCHHM AaKe B TeveHHe OAHOM 3KCHO3H- 
MH WM 30HHOMY XapakTepy paciipejenenusa AcTpaAauHu Ha MOBePXHOCTH CAOKHBIX 
MoT. 


Ta6amma 5. 


Oco6enHocmu npouecca| 
gerpagayuu 


Tun H3T Wr, AX | Ep, KB/cm |Xapaxmep  xapy-| 
wleHURX dyHkuuu 













AMOABI | (1-3)'1 0.1 + KaTactpopug. | TIpo6o% p-n-mepexoaa 
OTKAa3 | | | | 
TpaH3HcTOpBI } (1-2)'1 KaTactpoduy. IIpo6on, omAaBAeHHe, 


OTKaA3 





nepexor MeTaAAH3a- 
yuu. Aokaau3anua mo-| 
BpexXACHHH B TepHcbe- 
pwuecKoH UpHKOHTAaKT- 
HOM oOAacTu 


ABaACTHYHO OIA olpeaereHE Ey, H Wy AAR APYTHX TUMOR AICKpeTHHIX IpHGo- 
PpOB 4 HHTerpaAbHElX cxem [1]. 

CoBeplieHHO OYeBHAHO, ¥TO HHECOpMaTHBHLIe TapaMerprl Ey w Wy HocaT MaK- 
pockOnMueckuu XapakTep HW He TpeOyioT 3HaHIaA BHYTpeHHel CTpyKTypHI oOBextTa. AAS 
MUKPOMporeccoB, WpoTekaloujyx B MaTepwaAax MW TreTepocTpykKTypax mupuH ux CBU o6- 
AyYeHHH, NOAeBEIe HM SHepreTuyecKHe NoporoBble NapaMeTph! AO HaCTOsINero BpemeHi 
He yCTaHOBAeHHI. 


Ili. 3akKaruyenne. 

Ha OcHOBaHHH BHINOAHeHHEIX HCCACAOBAHHH MOXKHO CACAATb BLIBOA O Tepcrex- 
THBHOCTH HCHOAb30BaHuA CBU po3aelicreuit AAA TeXHOAOTMUeCKUX Tenet MHUKPO3SAeK- 
TpoHuku. Tloanepraa aeticrauio CBU w3ayueHua DAaCTHHEI M 3UHTAaKCHaABHbIe CAOH 
apceHWAa TaAAHA, TBeEpAble pacTBOpbhiI Ha OcHOBe Cd,Hg ).,Te, Mbl1 O6HapyXHAM W3MeHe- 
Hd IpHMecHo-Ae*bekTHOTO COCTaBa STUX MaTepHaAOB, YPOBHA BHYTPpeHHHX MexaHH4e- 
CKHX Hap KeHHH, NOBLIMeHHeE YCTOMYHBOCTM SAeKTpodpH3HueCcKHX TapaMeTpoB 0 
OTHOMMeHHIO K WAaCTHYeCKoH AectbopMalnu. 

He MeHee O6HaACKUBAIOUIMMH ABAMIOTCH Pe3YALTATHI Cepru 3KCIeCPHMeHTOB 0 
BAUAHMIO CBU oopasorKn Ha CBOMCTBa IpOCcTpaHCTBeHHO -HeEOAHOPOAHEIX CIpyKTyp Ha 
ocHoBe MeTana-A’B”. Oxa3aa0cb, 4To MOKHO, BAPLUpyx pexumM OOpasoTKH, YMeHbIMIMTE 
oOpaTHHe MW W30bITOUHBIe IpAMLIe TOKH, pa3s6poc saeKTpodu3snyeckux HapaMeTpow o- 
BePXHOCTHO-OapbepHEIX CrpyKtyp. bran o6HapyxKeHEI rerrepupylomsee Aelicrpue CBU 
oO6paOoToK H KaK CAeACTBHe - BO3POCTaHHe BPeMeHH KU3HU H Audy3HOHHON AAMHBI 
HeEOCHOBHBIX HOCHTeAeH ae oe H3MeHeHUA YPOBHA yIpyrux HalpaAKeHU B reTepocn- 
creme. 

Takum seee oie MOXHO ORMAATL, YTO UP HaAAeKaujem BEIGOpe PexUMOB O6- | 
AYYeCHUA MORKHO pellatTh Take TeXHOAOTHYeCKHe 3aAaUH, KaK TOMOTeHH3aNUA CBOTCTB 
H ycTpaHeHue HexeAATeABHEIX Ae*eKTOB B MOAYIPOBOAHHKOBHIX MaTepHanax, yAyullle- 
Hue HapaMeTpoB WpHGopHBEIX CTpyKTyp. 

AAd UWpakruyeckow peaan3aljM@u CTOAB MHOToOobejaOMuXx TepcneKTUB HeEOOxo- 
AMO pexaAe Bcero H3y4aTbh MHKPOMeCXaHH3MEI B3AMMOAeCHCTBUA MOMHOTO CBU w3ay- 
4eHHA C MOAYHPOBOAHHKaMU HM MpHOOpHLIMM CTpyKTypaMMu, KOTOpHIe AO HacTosero 
BpeMeHH ellje He NOHATEL. 
| IIpeacTaBaeHHEIe pe3yAbTaTHI CBHAeTeABCTBYIOT, uro CBU gosaelicraue He aveK- 
BaTHO TEpPMHYeECKOMY OTKMTy. Onuwpach Ha BEITOAHeHHbIe HCCACAOBaHHA, B KavecTBe 
dABTCPHATHBHEIX IPMYHH W3MeHeHHA xXapakTepuHCTHK MaTepwavaoB HW TerepocTpyKTyp 
MORKHO IPCAAOKUTh SACKTPOAMHAMHYeCKHM Wporecc, OOyCAOCBAeCHHEIM OTKAOHeHHeM 
pH OOAyeHHM SACKTPOHHOHM MOACHCTeMEI NOAYMPOBOAHHKAa OT TepMoAHHaMUuecKoro 
PpaBHOBecuaA; BOSHHKHOBeHHe HecTayMOHapHbIxX FpaAMeHTOB YyUpyrux HalipsKeHui. 
YUHTHBAA BO3MOKHOCTh peaAn3allMU KOAACKTHBHEIX B3aHMOAeTICTBHI (B oOAacTax 


CKONAeCHHs AecdbeKTOB) B NOATX yup YUPyIuxX Halls KeHHU, B 9TOM CAyYae 3HAYHTeEALBHO CHH- 
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*KaeTcad Oapbep AAT aHHUTMARUMA AedeKTOB HAH TepecTpOMKH KOMIACKCOB AecbeKTOR, 
“TO CcyujecTBeHHO AAd CBU BosjelictEnli, xapakTen3ylolljuxca MaABIMH 3nayveHHAMY 
SHEP KBaHTOB 3ACKTPOMArHHTHOLO H3AVYeHUA. 
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EFFECT OF MICROWAVE RADIATION ON THE STRUCTURAL, PHYSICO-CHEMICAL 
AND ELECTROPHYSICAL PROPERTIES OF A NUMBER OF SEMICONDUCTOR MATERIALS 
ye AND DEVICE STRUCTURES | 
Belayev A.E., Belayev A.A., Venger E.F., Ermolovich |.B., Komirenko S.M., Konakova R.V., 
Lyapin V.G., Milenin V.V., Prokopenko I.V., Svechnikov S.V., Soloviev E.A., Tkhorik Yu.A. 
| Institute of Semiconductor Physics, NAS of Ukraine 
| Kiev, Ukraine 
fax (380044) 265 83 42 
Magda I.I. 
NSC “Kharkov Institute of Physics and Technology”, Kharkov, Ukraine 
| Shevelev M.V. 
E.O. Paton Electric Welding Institute, NAS of Ukraine, Kiev 


We have investigated the effect of microwave radiation of cm and mm wavelength ranges on the properties of both 
various semiconductor materiais (GaAs, GaP, InP, CdS, Cd,Hg1..Te) and surface barrier metal (Al, Pt, Cr, Mo, W, 
Mo,Sii-x, W,Si1-x, TiIN)-GaAs structures, as well as of the produced diodes and transistors on the base of Si and 
GaAs. A comparison with other treatments influence (heat annealing, y-irradiation) enabled us to make some 
suggestions concerning with possible mechanisms of the interaction between the microwave radiation and the 
objects studied. | 
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Puc. 1. DoroariomuHecnueHTHBIe cueKTpH n-GaAs:Sn WoABeprHyToro MarHe- 
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Puc. 2. A3smenenve paAwyca KPHBH3HbI nAacTuHEI (100) GaAs:Sn BAOABb ee 


MW W0- 


2 


AvaMeTpa AO MW WocaAe MarHeTpOHHOTroO o6ayyeHua 100 Br/cm 


aa 


_caeaylomero xpaHennsa: | - HCX.; 


o6ayyeHne 20 cex; 3 - uepe3 1 


ACH; 4 - uepe3 9 AHelt; 5 - wepe3 18 AHel; 6 - vepe3 30 AHeH. 


AterhlaRa G6. 16-19 centa6ps 1996 r., Cenacronoan, Kppim, Yepanna 


CrieMa'96. 16-19 September 1996, Sevastopol, Crimea, Ukraine 
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Puc. 3. M3mMenenue mpodbwasa KpHBu3HET noBepxHoctu (100) GaAs (n = 
3'10'° cm, N, = 10° cm’, d = 300 MKM) AO WM TocAe MarHeTpoH- 


HOTO o6aysenus (100 Br/cm’) (1 ~ HCX., 2 - OOA. o CeK, 3 - peaak., 4 


- O6A. S cek). 
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Puc. 4. PentreHoBcKHe TONOrpaMMbl HCXOAHEIX MW MOABePrHyTHIx CBU 06- 


AydeHn1o o6pa3i0B C NapaMeTpaMH yKa3aHHbIMH Ha PX. 3. 
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Puc. 5. Temilepatypuaa 3aBvcuMOCTE t o6pa3n0B Cdo2HgogTe: 1 - ucx.; 2 - 
HOABeprHyTHx CBY o6paG6orkxe; 3 - yepe3 18 cyt. nocae CBY o6- 


paOoTKH M MHAeHTHpoRaHHa. IiyHxTup - “uHAeHTupoBanupre npu 


Harpy3Ke 10 T mw maornocrsio MHAeCHTUpoBaEHaA 10 car’. 
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Puc. 6. Tipocbwau pacnpeaeaenua 2AemMeHTOB CTpyKTyphI MeTaAaA- GaAs, 
M3MepeHHble MPH ee MOCAOMHOM paciibiAeHHH Ao (a) HW NOocAe rupo- 


TpoHoro o6ayaenna 10 KBr/cm’. 
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Puc. 7. KonyenTpallMoHHble MpoPpuAN KOMIOHCHT rereponapnl Al-GaAs Ao 


2 
(a), mocae (6) MarHeTpoHHOrO oGayaenna (100 Br/cm, 1 MMH). t- 


BpeMA HOHHOLO TpaBAeHHiA. 


Marepnaan 6-% Memaynapoguolt Agemcrol Aaxposoanonolt Renhepenynn RewraRo'G6. 16-19 centa6pa 1996 r., Canerinests Kpom, Ypanna 
88 Proceedings of 6th International Gramean rMécrowave Conference CrieHile'G6. 16-19 September 1996, Sevastopol, Crimea, Ukraine 











100+ yAu 


+ 80/- \/ 
< a 
607 | ‘ Ga 
a ny 
40} TAS 
20 || fl 


‘ ‘0 : ° 
200 300 = 400 em 


TO Au Ti 
| 
80 é 
mm 
60} 
: Ga 
40 . f 
| A$ 
sf / 
4 
, A pl 


Puc. 8. [Ipodbuau pacupeAeAenuaA KOMMOHEHT KOHTakTa Au-Ti-GaAs ao (a) 


H mocae (6) raporpoHHo o6paborku (5 KBr/cm’, 5 cex). 
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BbINUACNMTENBHAA TEXHUAKA HA YEPHOMOPCKOM Q@NOTE. 
NOABNERKME U UCTOPHA PASBUTUA 


V1. Volodin, D.V. Merkulov 


O CUCTEMHOK opr AHUASALIVM DEATENBHOCTH A.C. NOMOBA 
B MNPOUECCE USOBPETEHMA MM PAQUOTENEPPADA 
BP DO OT Bisse Seo cps dace 8 case eh ck ccp savas dat kas easedaed vcd aehshaeSasdaa acest esse eee esintda acto ats 96 


IN THE DEAL OF RADIOTELEGRAPH INVENTION 
Ye.A. Fedotov 


O PAHHMX ONbITAX LP. MAPKOHM B ATANMK VU AHTNMNK | 
BA DONOTOB 3 eisscuseksl cece ets, ui teetev eon Bese ae eds ivasisnid buys Wabasha Wanecua wagisuasishiacss cabased dtameseceaee ualonee ude rosiuce onan dianetieeee 100 


ABOUT EARLY MARCON!’S EXPERIMENTS IN ITALY AND ENGLAND 
Ye.A. Fedotov : 
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BbIMMCKUTENbHAA TEXHUKA 
HA YEPHOMOPCKOM OJIOTE. 
NOABNEHUE U UCTOPMA PA3ZBUTUA 


B.U. Bonogun, 9.B. Mepkynos 
YepHomopcexuli griom P®, Ceeacmorniorb 





AxHomauun ~ Doxnag nocssiteH HEKOTOPBIM MaNOV3BECTHbIM CTpaHiljaM 43 ViCTOpMM NOABNeHNA Ha “YepHomopcKom cbnote 
SNEKTPOHHO-BEIMUCIIVTeNbHbIX Malu, HauvHaa c 1961 r. Caenava nonbirKa CPpaBHUTb B XpoHoniomu younvia CLUA n HATO no coanaHuto 
@BTOMATH3MPOBaHHbIX CYCTeEM CBOMX BoopykKeHHbiIx Cun c atanormurol paOoTon OTeYECTBEHHbIX yYeHbIX B CoBeTcKom Coi03e. 
MIpMBeAeHb! HeKOTOpbIe chakrb! “3 NpakTnyecKkoyi ACATENbHOCTH UHCpOpMaliOHHO-BbIMMCNUTeNbHOro WYeHtpa YepHomopckoro cbnota, 
ABNAOLUMECH CKDOMHbIM BIKNagom BbIMHICnMTenen-YepHomopues B 300-neTHIOHO UCTOpHO Pocculickoro BOeHHOrO cpniora. 


I. Mpeabicropun co3smaHnua BL u ACY B CLA vB BC ux colms3Hukos no HATO 


Paccmatpvsarn Bonpoch! BHEApeHUA HoBeMWUINX oOpa3yoB TeXxHUKK, BOOpyxKeHU, TexHONorMi Ha 
KopaOnax “ B YacTAXx YepHomopckoro (prota B rog npasgqHoBaHua 300-neTuA PoccuiicKoro @nota, kKoTopomy 
NOCBALUGHO UW npoBefeHve 6-4 KpbimcKkoi KOHepeHunu no CBY-TexHuKke 4 TENEKOMMYHVKa LIMOHHbIM 
TeEXHONOMMAM, MbI NOCcuvTaNnM HeEOBbxoguMbIM CoenaTb HeboNblWOn SKCKYpC B UCTOpUYlO NORBNeHUA M BHEApeHuA 
BbIMUCIUTENbHOW TEXHUKM KM ABTOMATU3UPOBaHHbIX CUCTeM Ha ee 6a3e Ha UD B pasHbie rogbl, HauNHas c 60-x. 

Uttepec o6ycnosneH mpexge scero Tem O6CTOATEN’CTBOM, YTO SNeKTPOHHO-BbINVICNMTeNbHaA 
TexHuka (OBT) uv pasnnuuHbie ACY B KOHWe XX Beka NPOUHO 3aHANN BepxHue CTpouKM B Han6bonee 
NPMOPMTETHBIX TEXHUYECKUX NpOeKTax MW MporpammMax PasBUTbIx FrOCyAapcTs MMpoBOrTO cooblwecTBa n UX 
BOOpyKeHHbIX Curt. 

HeoSxoqumo oTfaTb AOMKHOe cnelwanuctam CUA, a Takke HeKOTOpbIX CTpaH Sanaga: Fepmanuy, 
Mpahuny, KoTOpbie Gbinu NepBbIMU B paspaOoTkax BbIUMCHUTeNbHbIX CPeNCTB UM SNeMeHTHOM Ba3bl Ans Hee. 
Mbi umMeem B Buy co3gaHue TPAHSUCTOPOB, TpuIrepos, VHTerpaNnbHb!ix CXEM Mi, HAKOHELI, NONyNpPoOBOAHUKOBbIX 
TEXHONOMMM, NOSBONMBLUMX CoeNnatb PEBONMOUMIO HE TONbKO B pagvosneKTpoHUKe, HO UM BO MHOrVXx Bugax 
ACATENbHOCTH YenoBeYecTBa B XX Bexe. 

OTMETUM YU TO O6cTOATeENbCTBO, UTO BHeApeHve OBT u ACY B Bolicka B cTpaHax HATO u B Cosetcxom 
Cotose No npaktTuyecku B OAMHaKOBOL NOCNEAOBATENbHOCTU MB OfHO UM TO Ke BpeMA Ha pyGexe 50-x u 70-x 
rogos. TexHonormyeckuid OTpbIB 3anaAHbIX TexHonoruis npovsowen nosnHee... 

Utak, 1953 rog... Hayuvaa rpynna cronuuHoro yHuBepcuTeta WMeHy f]. BawnHrroHa (CLUA) nonyyuna 
B CBO PacnopAKeHMe SNeKTPOHHO-BbINUCNHITENbHYIO MalUMHy nepsoro (Kak Mb ero Tenepb Knaccucdbuuupyem) 
NoKONeHUA “SOA KUCTUK-KOMMbIoTep”. Llenb: uccnenopatTenbcKue pa6oTbl no co3qaHuio aBTOMaTM3MpoBaHHoro 
yueTa BCero MHOroo6pa3vA NOcTaBOK BOEHHOM TeXHVKY NeHTaroHy. Ho 3T0 CTano BO3MOxKHbIM TOMbKO nocne 
Toro, Kak B 1951 rogy npasButenbetBo CLUA MNPUHANO PeLUeHMe O CO3AaHUN CUCTeMbI enUHON Knaccudbukauun 
KOANVPOBaHiA B OONAaCTU NPOMbILUNeHHOrO NPOWSBOACTBAa BOEHHOU TexHuKkn. B 1959 rony B sTUXx LIENAX, Ha 6a3e 
NPOBEACHHbIX paOoT NO co3qaHulo eANHbIX KNAaCCUCUKaTOpOB B BOCHHO-mMopcKUXx cunax CLUA Gein OTKPbIT 
VHPOPMAL|MOHHO-BbIMVCNUITeMbHbIA HEHTp, OCHALUEHHbIY OBM 1BM-650 u IBM-705, Wenbto CO3qaHuA KOTOpOrO 
ObINO OObenMHEHVe OTOENbHbIX BL B eauHyto cucTemy ans ABTOMAaTU3MpOBaHHbix pacueToB uv obpa6oTKu 
AaHHbIxX. Ho gna Tux 3amay TexHnueckan 6a3a OBM I-ro NOKONCHUA OKa3anach HeNpurogHon. Ha3pena 
HEOOXOAMMOCTb MOLUHOFO TONYKa ANA MacluTabHoro CbuHaHCKpoBaHA VM KOHLIeH TPA HayYHoro NOTeHL Mana. 
OTO UM SbINo cAenaHo B 1961 roy, Korfa Koxrpecc CUA yrBepann MporpamMmy co3qaHnA rnoGanbHon cucTemb! 
OnepaTMBHoro ynpaBneHua (FCOY) ana Botcwero pykopogcrsa, Mpasutenbctaa, BoopyxeHHbix Cun u OpraHosB 
pasBeaku. UmMeHHo 3Tv pelueHua npvsenu Yepes 10-15 net K MOLUHOMY TeXHOsOrMYeckomy NpopbiBy B O6NacTu 
COSAAHWA MUHWATOPHBIX, NOPTATMBHbIX MW HACTOMbHbIX NepCcoHaNnbHbiIx BBM ys NporpaMMHoro oBecneyeHnaA 
CO3A@HHbIX Ha UX Oa3se WHchOpMaLVOHHbIX CeTei - npapoguTenevw HbiHewHeA MHTEPHET, oObequHAowen 
CefogHa OKONO 100 MH. Nonb30BaTeneli Bo Bcem mupe. 

Ho 3To cnyuutcr ToNbKo 4epe3 30 ner, a Torga 3agaua cosmanna TCOY Ha 6ase OBM Il-ro u pane Hil- 
FO NOKONeHKA NoONynpoBoAHuKoBbIx OBM tuna JOHMUBAK-1050, lOHUBAK-1107, OUNIKO-2000, 1BM-360, 
CUMEHC-4004 6bina BbinonHeHa Kk Hayany 70-x ronos. 

OTOT 3KcKypc B NpowNoe Gein HeoOxoguMm ANA Toro, YTO6bI cpaBHUT V1 OL|EHUTh TY OfPOMHYO paboTy, 


KoTOpan Aenanacb B Halwen cTpaHe Mw B ee BoeHHo-MopcKom cbnote ANA AOcTWKeHUA, B WeNOM, TaKUXx Ke 
3anay. 


Il. Cosqanve sbluncnutenbHbix UCHTPOB M CHCTeM ynpaBnenna 
B BoeHHo-Mopckom O®note Ha npumepax YepHomopckoro cbnota 


YTOGb!I NOHATb UM OLIEHMTb YCuNNA OTeYeCTBEHHbIX paspadoTunkos OBT vw cuctTeM, NOcTPOeHHbIX Ha 
Oa3e unu c Vcnonb30BaHvem OBM, nonbiraemca nepeHectTuch B cepequry 50-x, Hayano 60-x ropos, KOTOpbIe B 
HEKOTOPbIX MCTOPUYeECKUX V34aHVAX XapakTepu30Banncb NONAPHBIMM XapakTepuctuKamu: “uk xXonogHoi 
BOWHbI" U HacHoporT - “Xpyujesckan ottenenb’... U tov APYroe BEPHO AMLUb OTYACTH. 
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Ottenenb B NomMTUKe Tak M He HacTymuna, yctynuB Mecto Kapu6ckomy kpuanucy B 1959-61 r.r., apa6o- 
U3PAaVNbCKUM BOMHaM 60-x, ABCONIOTHbIM peKOpAaM MO YUCNy AAEPHbIX ViCMbITAHUM MU 3anyCKaM KOCMUYECKUX 
annapaToB pa3snuyHoro npesHa3HayeHuA. 

CopeBHoOBaTenbHbi DYX XONOAHON BOMHbI He COOWEN CTOPOHON MW NpegaMeT AoKNana. 

O6paTumM BHYUMAaHMe: NpakTuYEcKN OBHOBpeMeHHO c CLUA CosetcKun Coos, HaunHan c 1956 roma, a 
BoexHo-MopcKoi @not ~ 1959 roma, Haan cO3fjaBaTe CBON BEIMACNUTeNbHbIe LIEHTPb! Ha Gase OBM nepsoro 
nokoneuna Tuna “YPAN", onHoTuntbix c IBM-704, 702. ToribKo y Hac BHEApeHve STUX Cpa3y Ke ObINO yBR3AHO 
C 3afa4aMy NOBbILIGHUA ONepaTVBHOCTH B CUCTeMe YNpaBleHuA, @ 3agauW MaTepMaNbHOrO yueTa OCTANUCh Kak 
Obl Ha BTOPOM NnaHe. 

Otnapka nporpamm u gopabotka GBM npovsBoqunacb Ha cTeHgax HUW BM®O B SleHuHrpafe, a 
paspaG6oTuuKn v3 Mockeb!, Mutcka, YnbAHOBCKa, YyTb NogKe - v3 EpepaHa, Kuepa, Ka3aHi NOCTOAHHO, YTO 
Ha3b!BaeTcA “Mo-ropAyemy”, BHOCMUNU V3MeHeH¥“A uw AopaboTKY, YBeNnYWuBaNM NpPOM3BOAUTENbHOCTb, 
BLICTPOMeVCTBNe WU HafeXHOCTb HeNpepbiBHOU paOoTh! cBoux OBM. 

B mae 1961 roma Ha YepHomopcKomM dnote co3gaetTcA nepBar BbINVCMVTenbHaA rpynna, B COCTAaB 
KOTOPO BbINM BKNIOUEHb! CNeLMaNucTbl V pagvosneKTpOHHOrO HanpasneHuA. OTH chamunuuw MbI NOMHMM: H, 
LWapanos, B. Lilvnos, B. Kpuaiyos, Metenkxun, B. Poros, A. Kymiokun, tO. ypu, M. Jlanres, A. BpoHcKun. B 
NeTpogBopye YepHOMOPLIaM MOBENOCh YUACTBOBATb B VCTOPUYECKOM COGbITUNM: OCBOUTb OBM “YPAII-I", 3aTem 
DEMOHTUPOBaTb ee CO CTeHAa, YNAKOBaTb VU OTNPABMTb B CeBacTonomb ANA MOHTaxa B uTade chnota. 

Vi CerogqHA HEKOTOPbIe U3 YUACTHUYKOB STUX COBbITHM NPOKUBAaNT B CeBacTonone uv No npaBy Ha3biBaioT 
ce6s “KOCMOHaBTaMY B BLIUMCnTenbHOM gene’. Befb Torga 3TO ObIna nepBaw” OBM He ToNbKO Ha note, HO U 
B Cesactonone! Haim sy3bl elie He Hayanu MogroToBKy cnelvanvctos no sKkennyaTayun OBM u 
nporpamMMHoro o6ecneyeHuA, vv TAKeNaA HOWA NepBONpoxoAueB BMeCTe C MPOHNYeCKMMU ynbiOKaMNU Vv 
OTKPbITbIM HeMoOpoxenatenbCTBOM CO CTOPOHb! HeKOTOPbIX yNpaBNeHljeB HE Mora HE CKa3aTbCw 
BNOCNeACTBUY Ha CyfAbOax HEKOTOPbIX M3 HX. 

TOBOpUTh O HafexHocTu sto GBM He npuxogunocb. Makcumym pa6oTe! - 4 Yaca, 3aTem Wn 
neperpesbi Namn, cOov, wv ocTaHos BbI4vcnuTenbHoro Mpoyecca. OcobeHHO TAxKENO STO MpoUcxoAUNo B 
KAPKNe MECHLIbl CeBacToNoNMbcKorO neta. “JloBuTb” pabouve nay3bl onepaTopam npuxogunocb Yacamu. Ho 
3NeCb 0K pOKMANUC.. MW LeHHbIe NpeANoxKeHNA, KOTOPbIe BOLUNUW B KaYecTBe AOpaboToK B NocneAyouye 
Mogenv OBM. 

PaHee Mbl yNOMUHann O KOHWEHTpayMn your B CLUA Ana co3gaHua [COY. Takne xe peweHUA, XOTA 
U HECKONbKO NosxKe, BbINU NPVHATbI UV B CoBetcKom Conse. GkoHOmMMKa CCCP no3Bonana Torfa genatTb war“ 
npaxTuyecku mioGoKw cnoxHocTu, v SnarogapsA Koonepaymn Nout coTHH HUU, KB, 3asofoB u npegAnpuaTun 
yfanocb B HaYane 70-x rofOB BbINONHUTb paboTbi No co3gaHuto aHanora [TCOY Bp BC CosetcKoro Cotsa. 
Otctapanvue CCCP ot CLUA npakTuuecku COOTBETCTBOBaNnO OTCTaBaHVlO B NPWHATMUM COOTBeETCTBYIOWeEro 
NpaBUTeNbCTBEHHOTO PeLIEHUA. 

Tem He meHee, B 1965-67 r.r. Bce UBL] cdbnotos, B Tom uncne UBL] YepHomopckoro dnota, yxe 
nepeBoquniich Ha TEXHVKY BTOpOrO NoKONeHnA. Hafo OTAaT DOMKHOE YNIbAHOBLIaM, KOTOPbie B KOHKYPeHTHON 
6opbbe nobeaunu Apyrux conepHukoB u nonyunnu Toc3aka3 Ha NoctaBKy ANA BoopyxeHHbIx Cun OBM BOCM- 
4 a 3atem 4 BOCNM-4M, 4-MC. MocnefHue npegHasHayanich yxe Ana paboTb! c aOoHeHTamu B CucTeme u 
o6ecneyvBpanu = KpyrnocyToUuHbii4 =6pexuM dyHKUMOHWpoBaHuA. HeAfoctaTKOM 6bina HeoOxogAvmocts 
CYWWECTBEHHOrO pacluupeHna WiTata o6cnyKuBaHuA UW cTapan npoOnema “xonoga’. 

Hopav TexHuKa MpuBHecna c co6ow wv HoBylO opraHu3alvio B ee UCNONb30BaHMuN WU NpumMeHeHuny. 
BbiIMuCnuTenbHble rpymnbl c 1966 rogja Obinv NepecdopmMupoBaHbl B BLINUCNUTeNbHbIe LIEHTPb!I, a HA KOMAHAHbIX 
nyHkTax c Hayana 70-x rogoB nmosBnstoTcA noctb!t ACY (unuw aptomatu3anposaHHoro cOopa, oOpaboTKu 
CopMaNnu30BaHHOUW uHdopmauMn - COMPU). MogunHeHve VBL] KomaHaHomy NyHKTy No3BonUuNo B NepByto 
ouepenb oTpaboTaTb NpakTMYecKve BOrpOcb! NoBcesHEBHOrO ObecneyeHuA pacueTamn onepaTUBHylo cNyxoy u 
HEKOTOPbIX MpolleccoB Hoescro ynpaBneHua. 

Bbictpan, OObeKTUBHAA MW TOUHAA OLIEHKa COsAaBaeMbIx KOpabeNMbHbIX FTPYNNUPOBOK Pa3sHOpOAHb!x CUN, 
CDaBHUTeNbHbIX XApAaKTEPUCTUK NpoTMBHUKa crlocoOcTBOBaNNY pocTy aBToputeTa VBL uv cTeneHu foBepuA K 
BbIaBaeMbIM pacuetam. Oco6eHHo 3anomHuner 1968 rog, Korga copmectHaa scKagpa YO c dnotamu HPB5, 
CPP nelictBoBana Ha YYeHMAX B 3aNagHouw YacTH YepHoro MopA, W NOTpeboBanocb peweHve, OCHOBaHHOe Ha 
pacuetax. LUra6 UD HanpaBun B Mope Tenerpammy c pe3ynbTaTamy, NonyYeHHbimuw v3 VBL. Ou pe3synbTaTb 
oTNVYaNNch OT Tex, KOTOpbie GbINW CAenaHbl yuacTHMKamu y4ueHul B Mope. MoOBTOPHbI 3anpoc B WTad HO nv B 
Mocksy nogTBepgvn npaBoty sBbluMucnuTenew dnota, 3a 4TO OHM GbiInK’ B NepBbid pas YyAOCTOeHb! 
GBnaropapHocty pykoBoAMTens npakTMyeckux yueHui agmMupana Xapnamosa. Takve *e BnarofjapHocTy, HO yxKe 
OT pyKOBog”cTBa WTa6a BapwascKkoro Joropopa nonyyan cbnot wv VBL B 1969 rofy uz Cpegu3emHoro Mop”, a 
3aTem B 1972 rony B Nepvuogd apabo-n3paunbckoro KpUu3nCca. 

BetTepaHb! WeHtTpa ocoGeHHO GnarogapHb! agmupanam-YepHomopljam CmnupHosy Hukonato UBaHosnyy 
vu Bo6uny Usany Pegoposnyy, KoTOpple MNepBbie BOBePUNU BbINMCNUTeENAM CNOKHEUWNe PacyeTbI KU 3aTeM 
AKTUBHO CNOCOBCTBOBAM BHEADEHMIO BbINUCNUTENbHOM TeEXHUKU B ACATENbHOCTb ynpaBneHnn uv cnyKd UD. 

MosKe BbIMACNUTeNbHbIA UEHTP BHeApAeT Ha cbnoTe pacueTbl MO NponeTy pa3BeAbIBaTeNbHbIX 
VCKYCCTBEHHbIX CNYTHVKOB Semnv, pacyeTbi NMo3svuv cygsoB rpaxAaHCKVx BefOMCcTB, oOTOOpaxKeHne 
rpacbuueckux KapT, CMelvanbHble cbopManu3soBaHHble CBOAKM MW AOHeECeHMA, pag 3afnay no Soepomy 
npvmeHeHuto cun. OTomy cnocoOcTBoBano B HeManow cTeneHw cbopmupoBaHue cnelwanbHow rpynnbl 
oduyepos ANA uccnenoBaHuA onepayui. CnegyeT nogyuepKHytb, 4TO 70-e rob! Ha dnote Obinu oTMeYeHb! 
6YPHbIM POCTOM CO3aBaeMbIxX M BHEAPeHHbIX 3a4a4¥ NporpamMMHoro OBecneveHuaA. 
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Ha kopaOnaAx Ww  MOABOAHbIX Nogskax ycTaHaBnuBaeTcA cnelvanbHan annapatypa 
ABTOMATM3MpOBaHHOrO Npvema-nepemaun KOPOTKMX opManv30BakHbIX CUrHanoB OvoeBoro ynpaBneHuA B 
CBEPXOBICTPOReENCTBYIOLUMX MV Apyrnx pagnocerTax. 

BsIMUCNUTeNbHbIA WEHTP CbnoTa CTAaHOBUTCA KY3HULIEU KaQDOB ANA POxKMaOWMXCA WEHTPOB Y H4LUMX 
KONNer-MOP3aBOALIeB, B MPUGBOPOCTPOUTeNbHOM UHCTUTYTE, B CEBACTONMOMbCKUYX BOCHHbIX YUUNUMLIAaX, a Mo3sxKe U 
Ha “MyccoHe”. Npaktruyecku Bo scex VBLI pervoHa pa6oTann uv paboTator “BbINyYCKHUKK” cbNoTCKOrO LIEHTpa. 

80-e rogbl... Ha dnote mpovucxoguTr oy¥epegHaA cmMeHa moKoneHui OBM. Eguyan cepus 
BbIMMCHUTENbHbIX MauiMH, M3aroTaBnuBaemMan NO eAMHOMW KOHWeENWMW cTpaH BapwascKkoro foropopa, 
CYLUCCTBEHHO pacwMpuna BO3MOXKHOCTM ObiueCuCcTeMHOrO OBecneYeHuA, No3sBonuNa OGecneYNTb HagexKHoe 
PYHKLVOHMPOBaHve BbINUCNMTENbHOM ceTU BoeHHo-Mopckoro Mnota, OAHUM V3 3BEHbeEB KOTOPOTO ABNAeTCA 
YUepHomopckeud nor. 

C BHEApeHvem NepcoHanbHbix IBM-cOoBMeCTVMbIX KOMMbIOTEPOB NOABUNUCh HOBLIE BOZMOXKHOCTH ANA 
onepaTUBHbix pacueTos. TlaneKo He BCe CefOAHA 3HaloT, YTO B CepegAuHe 80-x rogoB HU u dnot Bonrapuy, 
UMeA CaMoe TeCHOe COTPYAHUYeCTBO Ha MOpe, 3akniounnu MexKgay co6oM poroBpop o co3gaHuMu egnHon 
KOMNbIOTEPHOW CET CBOUX KOM@HAHbIX MYHKTOB. Ba3s0Bo/ MOBM Gbin BbiGpaH GonrapcKui “MPABELI-16” c 
UBETHbIM MOHUTOPOM, @ 3aKpbITMe MHopmayMu NponsBoAMNnocbh Hawenw cnevannapatypou. NMepegaya 
UHdopmalnn tina NO NOABOAHOK KabenbHou MaructTpanu Cesactononb-Bapna. 

B 1988 rosy U® npospen no nnavy FLU BM® c6opp! odbuyepos aBTomatusaTopos cTpaH BapwascKoro 
dloropopa. Bbinw onpegeneHb! HOBble py6exu coTpyAHnuectBa. 

LiMpokoe NOBCeMeCTHOE MPUMeHeHHe BbIMUCNVTeENbHOM TexHVKM MOrMyeckU NpMBeroO K CO3QaHuViO Ha 
dnotax uv YD cBoeh cneyWNaNbHO 3aALUVWeHHOW VHCOPMALIMOHHOM ceTU, a 9NeKTPOHHaA NoUTa cTana 
NPMBbIYHbIM UHCTPYMeEHTOM ONnepaTMBHOU cnyxKO6bt WTaba. 

Kak 4 BC CWA, BbiIuncnuTenbHbie LWeHTpbI Haliero BM® He oTKa3anucb oT npumeHeHua Bonbuunx 
OBM, T.K. HECMOTpA Ha UX OYeBVAHbIe HeEAOCTATKN NO 3aTpaTaM Ha oKcnNyaTayMio, OHM UMeLOT UU pA 
cneuucpuyeckux mpeumyuiects, HeEOOxogumbIx ANA BOeHHOrO npvMeHeHuA. Ha ux ocHoBe chopmupyioTca 
KOMOUMHMpOBaHHble CeTU c GNWKHYMM M4 YAaNeHHbIMM aGOHeHTCKMMY KOMNMNeKcCamMU Tuna “CETMEHT-6YT”, 
4“epes CneliWanbHbie ycTpoiictsa K EC OBM nogkniouatoTca nepcoHanbHble KOMMbtoTepb! Tuna IBM-286, 386, 
485. 

CogpyxkecTBO cbnoTcKux cneliwanvcToB c pxgom HUM B JlexuHrpane, Mockse, Kvese, Ka3aHu uv ap. 
SHAMUTENBHO paclWIMpUunN BO3MOxXHOCTH VBL @nota. Hago oTMeTMTb, YTO W CeronHALUKMe cbnotcKue 6ygqHH He 
npoxogsAt Oe3 oOujeHuA c HaLuMMU KonNneramn v3 MockBbl u Canxt-Metep6ypra. 


lil. SaxntoyeHne 


DKU3Hb VBL KpacHosHameHHoro YepHomopckoro cbnota cerogHA Mpoflomkaetca BMecTe c cbnoTom, 
pa3sqenaar uu nepexnuBar ero TpyfoByh cyAbby B rog 300-netTua Poccwitckoro cdnorta. 

OTOT KPaTKUM SKCKYPC B UCTOPVIO OAHOM U3 HEAABHO COBEPUIEHHO 3aKPbITbIX CTPaHUL| CTaBYN cBOen 
LIENbtO HE NPMOTKPbITHe HeEKMX “TavH’. Sanaya apyran. Noka3aTb, YTO Nporpecc B BOEHHOM A‘ene HEBO3MO>KeH 
6e3 nporpecca B Hayke, CO3qaHNA NepemoBbIX TeXHONOTM U NpoBeAeHUA cbyHAAaMeHTaNbHbIX uccnepoBaHui, 
Oe3 cbuHaHcupoBaHnar KOTOpbIX He HacTynuT “GnarononyuHoe 3aBTpa” ana mio6oro o6wectBa. Tak 6bino u Tak 
OyfeT Bceraa, KB STOM Y Hac C BaMM NonHoe B38aNMONOHMMAaHLe. 

Bnarofaplo 3a BHUMaHue MM BbIPa Kalo CBO NPU3HATEMbHOCTb 3a KeNAHNe NOCBATMTb paboTy Bawel 
KoHepeHywn 300-neTulo Poccuiickoro dnota, ¢ KOTOpbIM, Mb! He COMHeBaeMcA B 3TOM, Y MHOFUXx 3 
YYaCTHUKOB B CBOeM KU3HY Obi MW paGoune BcTpeun, Uv COBMeCcTHaR paboTa. 
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COMPUTERS ON THE BLACK SEA NAVY. 
ADVENT AND DEVELOPMENT 


Volodin V.1., Merkulov D.V. 
Black Sea Fleet of Russia, Sevastopol 


This paper is dedicated to some of facts from the history of computers appearance on the Black Sea Fleet. The attempt to compare 
the chronologies of the USA and NATO efforts to create the automated systems for their Army, with the similar work of scientists of 
the former Soviet Union, has been made. Some facts from the practical activity of information-computational center of the Black 
Sea Fleet have been presented. 
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O CUCTEMHOM OPTAHM3ALINV 
NEATENbHOCTY A.C. NOMOBA B MPOLIECCE 
V30BPETEHUA VM PADUOTENErPADA 


E.A. DEROTOB 
Coeem eemepaHoe YepHomopcKkoz2o drioma, Ceeacmonorib 





Axnomauust - Ha OCHOBe CYLIECTBYIOLIMX MCTOpPMYeCKUX AOKYMeHTOB NpeAcTasneHa UerbHan KOHLeNLMA 
nocnenopatenbHon gerTenbHocTn A.C. Monopa no co3aqaHuio uv npwMeHeHMio MpveMHOrO mpuOopa ANR GecnpoBonoyHon 
curHanusauun 4 TenerpacbupoBaHuA c Vicnonb3oBaHvem anekTpuyeckuhx nyyew Tepua. PaccmatpuBalotca BOMpocbi, CBASAHHbIe 
C 3auiMTOK mpvnopuTeta A.C. Monosa B u3z0OpeTeHM paguocBAsn. 


l. BBemenne 


Mocne ony6nuxopaHua padot Fepua B 1888 r. 06 OTKpbITMM SNeEKTPOMArHUTHbIX BONH ANA Mupa 
YYEHbIX NOABMNACh ELE OfHa BOSMOKHOCTb PeLUMTb NpOOnemy GecnpoBonowHow CBA3U Ha paccToRHun. 


ll. O HeoGxogumocTnu npuGopa, “sameyatouero” 3NeKTpOMAarHMTHbie BOsIHbI 


A.C. Monos, npenofapatenb MuHHbIx ocbvuepcKux KMaccoB B KpoHwitagtTe, B MepBbI Ke frog 
3HakOMcTBa c padoTamu Tepua B 1889 fr. nogroToBMN WNKN NeKyMA Mo nponaraHAe oTKpbITHA Tepua vu 
KOMNAKTHbIe NpVOopbt ANA DEMOHCTpaMN eo OMbITOB. 

Ha nepBow xe Tako nekunn B KpoHiwTantTckomM mopcKomM coOpaHvu Ha Temy “HoBeliiune 
VCCNeAOBaHUA B COOTHOWEHUAX MexXAY CBETOBLIMA MU SneKTpYYeCKMMM ABNeHUAMU", NO cBavAeTenbcTBy 
6biawero Torga ero accucTeHTom H.H. Feoprvesckoro, A.C. Monos B 3aknioueHve Bbipaasun comKaneHve, YTO 
“YeNOBeYeCKM OpraHv43M He UMeeT ele Takoro opraHa UyBCTB, KOTOPbIN 3aMey4an Obl sneKkTpomMarHuTHble 
BONHb! B acbupe, vu ecm Gb! u3s06pectu Tako npuOop, KOTOpbIM 3aMeHun Obl HaM 3NeKTPOMAarHUTHbIe YYBCTBA, 
TO €fO MOXKHO 6bINO 6bi NDUMEHATb K Nepegaye curHanos Ha paccToAHun” [1, c.48]. 

C STUX CNOB Ha4UHaeTCA ellie HE OYeEHb ONPeMeNeHHOe %KeNaHNe “nN30GpecTu npKuoop, 3samMeualouMi 
BONnHb! Tepua’, uv Takan Ke NPeANonoKUTeNnbHaA LeNnb Ha NepcneKktTuBy ero NPUMeHeHUA K Nepesave CHrHaNnoB 
Ha paccTOAHMM. 

B npouecce neKYMOHHOM NponaraHgb! 3sTO MoxKenaHve NocTeNeHHO ccopmupoBanoch B 3aqAayy 
y3z06pectTu Tako npviGop. Mocne MHOrMXx NonbITOK pa3sHbIMV cNocobamiu CO3RaTb TaKoe ycTpolicTBo A.C. Monos 
CKOHCTDYMpPOBaN pagMomerp, KOTOPbI NPOMeMOHCTpUpoBan Ha 3acemaHuu cbusuyecKkoro OTAeNeHMA PyccKoro 
cbu3suko-xumuyeckoro o6fwectBa (POXO) B 1893 r. [2, c.40]. Ho TexHuyecku sToT NpuOop ero He yAOBNeTBOpAN. 

C nospnexvem coo6uweHnA O.flopxa A.C. Monop saHsncA nMoBTopeHvem efo ONMbITOB MW 
yYCOBEPLUCHCTBOBAaHNeM Korepepa, KOTOpbIi He OOnagan NocTOAHCTBOM YyBCTBYTeNbHOCTH. flonoB u3smMeHuNn 
_ KOHTAKTbI TOYOKM, YBENVYUB NOBEPXHOCTb UX CONPUKOCHOBEHMA C NOPOLUKOM, 3aTEM M3 MaCCbl METANNUYeECKUX 
nopowKos Bbi6pan HavGonee akTVBHO pearipyloluwi Ha BO3HeVicTBVe SNEKTPOMAIHUTHOM BOSIHbI ~ MOPOLUOK 
“Kene3a NyNbBepatym’”, V3MeHABLUM NpK sTOM CBOe conpoTuBNeHHve B 10-100 pas. | 

Ho camo rnaBHon 3sagaye” cTano cTpemneHve A.C. NMonoBpa co3faTb TakylO KOMOuHalMto, YTOOb! 
nmocne BO3feNCTBUA SNeEKTPOMArHUTHOM BONHb! CLIEMNEHHbIA NOpOWOK B TpyOKe-feTeKTOpe pa3pywanca 
HEMeANEHHO aBTomaTuuecky [3]. 

NoctaBneHHbliA B Hauane ONbITOB B Lienb Korepepa ranbBaHOMeTP, CTPeNkOU yAapABLUUK No Korepepy, 
6bin 3€MeHeH Ha TenerpacdHoe pene, B LeMb KOTOPOTO BKMIOUEH SSIEKTPHYECKMM 3BOHOK, CBOMM AKOPbKOM 
YHapABLUM Mo YaWeUKe 3BOHKa, a Ha BO3BpaTHOM ABMKeHUU - NO KOrepepy. TaKkan cxeMa coTpacaTena Obina 
co3faHa B TeyeHve HeckonbKux yYacoB [4, c.249] uw oKka3anach eAMHCTBEHHO BO3MOXKHbIM cnocoOom 
NeTeKTMpPOBaHWA VCKPOBOrO SfeKTPOMarHMTHOTO CurHana uw TakiM OOpa3som cTana wusoOpeTeHvem nepBoro B 
MUpe paguonpvemHnka. 

25 anpena 1895r. A.C. fMonos snepable AeMOHCTpYpoBan cBOK W3s06peTeHHbIM Mpuoop ANA 
o6HapyKeHUA MW percTpYpoBaHVA sneKTpuYuecKUX KONeObaHYVA Ha NeKUMM B du3nYeCKOM OTAeENeHMN 
Merep6yprexoro yHvBepcuteta. A.C. Monos noHuman, YTO OH yxKe co3qan npvSop, “sameyatolMi” BONHbI 
Fepua, 4 TeM BbINONHUN CKa3aHHoe 6 neT Ha3aq NoxKenanue. Tenepb NpeACTOANO BHINONHUTb BTOpylO YaCTb 
NomKeNnaHUAR - NPVMeHMTb Npv6op gvnA curdanv3ayuu Ge3 nposogos. K BbINONHeHMIO STOW 3agaun Jlonos 
npvctynun HemegneHHo. Y>Ke B KOHUe CBOero AOKNaAa Npu NepBo AeMOHCTpauu NpuSopa OH YeTKO 3anBUs O 
cpoei Hafexne, YTO “MOM npv6op np AanbHeliwem ycoBepweHCTBOBaHUM ero MOxKeT ObiTb MPUMeHEH K 
nepefaye CUrHanoB Ha PaCCTOAHUM Np Nomouwy GSbicTpbIx sneKTpuyeckux KoNeGanuy ...” [1, ¢.50]. 

A fmpucytcTBopaBluemy Ha 3TOM Aoknage KoppecnoHgAeHty ra3zeTb! “KpoHuiTagTcKuM BecTHuK" A.C. 
flonos 6onee rny6oko Vv Hay4Ho OGocHoBaNn CBO 3afayy FOCTWKEHUA CYTHaNu3zayUN Se3 NpoBopoB: “TloBoAOM 
KO BC@M 9TUM Onbitam (c BonHamu Teplia) chy XUT NpakTWYeCKaA BO3MOMKHOCTb CUrHAaNM3alUn Ha PaccTOAHUM 
6e3 NpoBOAHMKOB Hanogobue ontuyeckoro Tenerpacba, HO Npv Momo sneKTpuyeckux nyyel” [5, c.124]. 
3necb BUQKTCA HECOMHeEHHOe MpofomkeHve Mu pa3sBuTVe WeNv, NpOABNAKOWeVCA U3 UCNONb3IOBAaHKA 
COOTHOWEHYA MexKAY CBeTOBbIMM MW oneKkTpnYecKumMu ABNeHwAMU. A TeopeTuuecKoe yTBeEpxXAeHKe oO 
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BO3SMOXKHOCTN CVTHanwsalun snekTpuyeckumu nyyamu Hanofobue onTHYeCKorO Tenerpada mpeBpaturoct 
Tenepb B OYEPeAHy!O 3afayy ACKA3aTb STY BO3MOXHOCTb NpakTMyecku. WU nouck sToro WoKasaTenbcTBa cTan 
rNaBHoU 3sanauen. 

Takum o6pa3om, nocne co3qaHvn A.C. MonoBbim npuvemHoro npv6Gopa mepefA HMM cpasy Hu 
NPakTUYECKM OAHOBPEMEHHO BbIABUSINCh TPM 3aQa4u Ha NyTM K Wenn. 

Nepean - ucnbitatb npuSop. K stomy Nonos npuctynun HemMe”NeHHo. Yepes HeckONbKO AHei Nocne 
nNepBow AeMOoHCcTpaluu npvOopa Monos cfenan ewe ofvk goKknag o npvGope Ha OObeguHeHHOM cobpaHun 
MeTeoponoroB, rae ObiINO APUHATO peweHve MocTaBYTb Npu6op Ha ANVTenbHbIe UcMbiITaHVuA Ha 
MeTeoo6cepsatopuu. Bropow KomnmmeKT npvemHoro npvGopa, BMOHTMpoBaHHbI Monosbim B mMeTeonpnudop 
Puwapa ¢ 9neKTPOMarHUTHbIM CaMOnVWYLMM Nepom, 6bin noctasneH B Uione 1895 r. Ha meTeoo6cepsBatopuu 
JlecHoro = WHCTHTyTa HA 3aNVCh fpoO30BbIX ABNeHM B aTMOctepe, us3nyyalouMx, Kak OKa3zanocb, 
SNEKTPOMArHMTHbIe BONHbI. O pe3synbTaTax STUX U APYrMX UCcNbiTaHuuH wv oG sTanax co3sqaHuA npuGopa 
A.C, Nonos Hanucan B geka6pe 1895 r. cTaTbto, ony6nuKoBaHHylo B AHBAPCKOM HOMepe 1896 r. “KypHana 
POXO" [3, c.16]. GtTow ctatbeA 3aBepwiunca nepsbiii stan geatTenbHocTu A.C. Monospa 8 co3gaHun 
SecnpoBonoyHow curHanu3saunu. 

Bropan 3afaua - fOKa3aTb BO3MOXKHOCTb cvrHanv3salMM onekTpuyeckumu nyyamu Tepua, 6bina 
BbIsBaHa COCTOAHMeM gen WwW MHEHYH B cpene HayYHOW OOWeCTBeHHOCTH Toro BpeMeHM. Pab6orTbt 
uccnegopatenew |. Omvcoka B Amepuke, B. Mpuca B Axrnuu, VU.U. Boprmanda Bp Poccun [5, ¢.122] no 
co3maHuko SecnpoBonouHoro Tenerpada Ha OCHOBe SNeKTPOMAFHUTHOM MHAYKUU, Bos6yxKqaloWwlen TOK B 
NapannenbHoM NPOBOAHMKE, CKa3alUch Ge3ycnewWHbIMY VW He NpvBenu kK NonyYeHuwo HeOGxogumol AanbHocTu 
TenerpacbupoBaHua. CBOMCTBa TONbKO YTO OTKPbITbIX NyYeh Tepua ele He SbINM XOPOLWO U3BeCTHbI. B onbiTax 
Fepyja uv Apyrux yueHbix ux OGHapyxKeHMe He BbIXOgUNO 3a Npesenbl MECATKOB MeTpOB. Hapagy Cc yYeHbIMy, 
BEpWBLUMMM B MpuMeHeHve BONH Tepua ana SecnposonoyHo cBa3su, Hanpumep, KpyKcom, MHOrve yueHbie- 
PU3HKU HE BEPUNN B BO3SMOKHOCTe NpakTM4ecKorO MpYMeHeHMA BoNnH Tepuya [1, c.51]. Ga uv cam Fepy He 
APEABUAeN BOSMOXKHOCTH NPUMeHEHUA UX B TeXHliKe [6, c.194]. Bce 9To BbIHyxgano A.C, Nonosa He cTOonbKO 
yGequTbcr CaMOMy, CKONbKO yGeAuTb Apyrux B BO3MOKHOCTH NpuMeHeHUA BOoNH Tepua ANA OecnpoBonoyHou 
curHanvsaywu. fina pelweHvA sTOoM npoSnembi A.C. Monop HaWen TeopeTu4eckyio onopy B ABNeHUN 
COOTBETCTBEHHO OAMHAKOBbIX CBOVCTB aneKTpnyeckux nyyeh Mm nyyel ONnTHYeCKUX, NPOABNAIOLWWMXCA B UX 
CNOCOOHOCTH K OTPaXKeHUMO, NpeNnomNeHulo, NONApUsalM, MW B STOM YBUAEN BO3MOXKXHOCTb MOVMeHUTb CBOn 
npuOop Ana curHanusaywv uv TenerpadupoBaHua anekTpuyeckumy nyyamu, “TOOb! AOKa3saTb NpaKTMYecKy 
nogo6ue storo NpumMeHeHuA onTu4ueckomy Tenerpady. 

TpeTbA npo6nema BosHuKNa U3 Toro, 4TO 6bicTpble sneKTpvueckve KoNebaHvA vanyYanucb 
YAPaBNACMBbIMM SIEKTPUYeCKUMU WCKpamu, FeHepaTopom Teptia. Ho kakKow nomexow um OygyT npupogHbie 
SnekTpuyeckne Tpo30Bbie paspAAbl - MONHMN? Kak OHW NOBNUAIWT Ha ycnex unu Heycnex GecnpoBonoyHon 
ViCKPOBOK curHanu3sayUn? 

YACHeHKe STUxX MpoGnem ocyLeCTBNANOCch B Npollecce NeKWUWMOHHOM AeATeNbHOcTH A.C. Monosa u 
UcnibITaHuA Npuoopa Ha MeTeoo6cepsatTopun. 


Il. OnbITbI CUrHaNN3salMn C NOMOLIbIO 3NeKTpNYeCcKHX NyYeH, NOMOGHbIX ONTHYeCKUM 


Yee 19 sHBapA 1896r., Kak pesynbTaT sTux onbiToB, A.C. Monos NposeMoHcTpupoBan 
YCOBEPLUGHCTBOBAHHbIN MpvuOop ANA npvemMa curHanoB B Mpoyecce BocnpousBog”cTBa onbiToB Fepua c 
SNEKTPUYECKMMM NyYaMu Ha Nekyvn B KpOHLWwTAaATCKOM OTQeNeHuM TexHuYecKoro oGulecTBa. MpvemHbpii 
npuGep nepexHocunca Bo Bce Gonee oTAaneHHble oT reHepaTopa Tepua KoMHaTbI [7, ¢.51, 52]. A.C. Monos 
oOpaTun BHUMaHNe, YTO NpuGop, HaxoAACh 3a MeperopofKamu cTeH, 6e3 nepeboeB u 6e3 ucKaxKeHuil 
MPUHYMaN CHrHarbl WU 3BOHOK NpvOopa yBepeHHO 3Byyan, BOCNpoN3sBOgA “sapaHee onpepeneHHbIe cyrHanbi” 
[7, c.51, 52]. UV B stom aaneHun A.C. Nonos Hawen noA”TBepxKZeHve BO3MOXxKHOCTH NpuMeHeHuA nyyen Fepya 
ANA CYrHanv3aluun Oe3 NpoBosoB. STO Bnepsbie Habniogaemoe ABNeHVe GesbICKaxKeHHOTO NMpOXOKDeHUA 
CCPOPMUPOBaHHOrO CurHana Yepe3s NpenATcTBMe NpKBero ero K MbICNY O HEOGXOAMMOCTM TaKOrO ONbiITa NO 
CUrHANN3aUNN Ha 3aKHOUNTENbHOM paccmMoTpeHunu B Mertep6yprcKkom yHMBepcnTeTe UW YTO ropogicKue CTpoeHuA 
He OynyT NDeNnATCTBNeM ANA CurHanos. 

Takow pewatouwi noxas A.C. Nonos nogrotopsun u npopen 12 mapta 1896 r. Ha 3acenaHun 
gusvyeckoro oTAeNeHMA C LieNbIO HE TOMbKO NMPOReMOHCTPUpPOBaTb YYeHbIM u ONneKTpoTexHukaM 
NetepOyprckoro yHuBepcuteTa nonHoe cooTBeTcTBNe CBONcTB sneKTpuyYecKux nyyel nyyam onTuyeckum, 
OTKpbITOe ele Feplem, HO Ha OCHOBe UX CNocOBHOCTM - B OTNMYME OT ONTMYeCKHX - NPOXOAMTb Yepes 
npenatctave Oe3 uckaxkeHiA curHana, 6e3 NoTepw wHcbopmaumu, KaK cKa3anuv 6bI cerogHA - fOKa3aTb 
NPVUFOAHOCTb SNeKTPUYeECKUX NyYe K CUrHaNu3saLun Uv TenerpacdupoBaHuio, Hanofobue onTMy4ecKux. 

Ho ecnw B SAHBape sTy cNocoGHoCcTb coxpaHATb WHdopmauvio nogTBepxgann “sapaHee 
onpefeneHHble CUrHanbi”, USBECTHbIe TOMbKO Tem, KTO UX ONpeAensAN, TO B MaHHOM cnyyae ANA yOexgeHnA B 
STOW CnocoBHOCTH BCeX cnylWaTenew HyKHO ObINo NepefaTb CMbicnoBOe COOGUeHMe, NPaBVNEHOCTb Npvema 
KOTOporo NoATBepxAana Obl ANA Bcex cnylWaTenew B ayAUTOPUN HeENCKaKaeMOCTb ChopmupoBaHHoro curkana 
np Tenerpacbuposahun BonHaMmu Tepua. Takum cMbICNOBbIM CoobueHvemM cTanu cnoBa “TeHpux Pep”, a ux 
Oe3sbickaKeHHbIM Npvwem 12 mapta 1896 r. A.C. Monosbim c npwmeHeHvem ero mpu6opa Ha nekywu B 
Nerep6yprckom yHMBepcuTeTe cTan nmpakTuueckKuM WM HECOMHEHHbIM NOATBEDKDeHVEM BO3MO%KHOCTH 
TenerpacdupoBanun 6e3 nposBosos. 

OaHako, B AOKYMeHTax O6 9TOM NekyMM ynOMUHAHVA O Mepefaye gTUx cNoB HeT. Ho ects 
uctopuyeckve CBUgeTeNnbcTBa. 
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A.C. foros B cBoem foKnage mapta 1896r. nucan: “B mapte (1896r. - VU.B.) MHOM ObINn 
eMoHcTpupoBaH NpuG6op ANA onTu4ecKux oMbiToB c aneKTpuyeckumMMu nyyamy ...” (7, c.52] (3fecb uv Aanee 
nogyuepKHyn E.®.), Yepes Tov Hegenu o6 eto nexynn A.C. Flonosa npodbeccop B.B. Cxo6enblWH 2 anpens 
1896 Fr. B SNEKTPOTEXHUYECKOM MHCTUTYTe BbICTYNUN C AOKNagOM, B KOHLe KoTOporO cKasan: “ B 3aknioveHve 
AOKNaAYWK NpOUsBeN OfnbIT c BAOpaTopom Tepla, KoTOpHI Opin NocTaBneH B COCcesHeM dnurene ... HECMOTpA 
Ha 3HAYUTeMbHOe PACCTOAHVe VU KAMEHHbIE CTeHbI ... MPU BCAKOM CHrHane ... 3BOHOK NPUGOpa TPOMKO 3ByYaN” 
(7, c.53, 54}. Bbisog v3 uMTaTb! BepHbi, HO AoGasum - no HaGnkHAeHuAM B.B. CKoOenbuvHa B STOM ONnbITe ANA 
Hero 6bINnG HeO6bINHbIM WM OTME@YGHO UM - 3HaYWTeMbHOe PpaccTOAHNe W KaMCHHbIE CTEHbI, OfHAaKO 
nepemaBaemble “BcrKne”, T.e. pa3sHble CUTHANbI FPOMKO BOCNPOU3BOAUNMCb 3BOHKOM. 

B apyrom cnyyae, Kak 3anmvicaHo B NpoToKoNe SKCTPeHHOTO 239-ro (289-ro) 3acegaHuA chusn4eckKoro 
oTHeneHua oT 24 wvHBapA 1906r., nocBALWeHHoro namaTA A.C. flonosa, “O.f1. BoncoH HanomHun 
npucytctayoulum o6 ucTopuyeckom 3acegaHuu cbu3svyeckoro oTgeneHus, B KOTOpOM A.C. MonoB BnepBbie 
KeMOHCTpupoBan Tenerpad 6e3 npoBopos ... 3Haku NepesaBanucb No adasuty Mop3e, Kniou KOTOpOrO 
Haxonunca y npeAcenatensn O.d. Netpywescxoro. Mocne kaxgoro MonyYeHHoro 3Haka NpeAcepsaTeNnb OTMeYaN 
Ha focKe nionyyeHHyto GyKey ... Ha BOCKe nonyuunncb cnosa “Henrich Hertz" [8, c.24]. B stom BocnomuHaHnn 
1906 r. - npaMoe yKasaHve Ha GecnpoRonouHoe TenerpacbupoBaHne MW YTOUHeHNe, UTO “BCAKMe CUrHanbi” Obinu 
asHakamu Mop3e uv coctaBuni cnosa “Texpux Tepu”. 

Takum o6pa3om, v3 coo6uwennii A.C. Nonosa uv B.B. Cxo6enbiwHa MO)KHO CHenaTb BbIBOA, YTO AOKNAaA 
A.C. Monopa 12 mapta 1896 Fr. cocTosn v3 ABYX pa3QenoB: REMOHCTPaMY ONTMYECKUX CBOUCTB BNeKTPUYECKUX 
nyyev, Kak TeopeTMYecKorO AOKa3saTeNbCTBa BO3MOKHOCTM TenerpadMpoBaHvA anekTpuyeckumu nyyaMl, 
HanogoGue onTuYeckoro Tenerpacba, WU BTOpOM YacTH - AEMOHCTpalMu nepegaun CMbICNOBOU TenerpaMMbl 
“FeHpux Tepy” aHakamu Mop3e Ha 3HaY¥NTenbHoe paccTOAHWve 250 MeTpOB Yepe3 KAaMeHHbIe CTEHbI - Kak 
NpakTwyeckoro fOKasaTenbCTBa BO3MOXKHOCTH TenerpadupoBanua snexTpnyeckumn NyYamn Tepua. 

Victopuyeckuii cbaxT nepegaun cnos “TeHpux Tepy” nogteepxgaetca, Takum o6pa3som, Nornyeckon 
HEOOXOAUMOCTbHO TaKOrO Pa3BUTUA BCX OMbITHbIX paGoT A.C. MonoBa uw xofOmM AeMOHCTpaliMn uM 12 mMapTa 
1896 ©. cBoero npvGopa B AOKa3aTeMbCTBO ero cnocoOHOCTM TenerpadupoBaTb sMeKkTpuyueckuMU nyYaMy, 
nopo6Ho onTuyeckum. VU, KpomMe Toro, ONbIT HaN BO3MOX%KHOCTb NOKA3aTb MW OTNMYNe STUX NYYEU OT ONTUYECKUX - 
CBOViCTBO NPOXOANTh Yepe3s MpenATcTBUe BHE NpAMOM BugMMocTU u Ge3 UCcKaxKeHuA NepenaBaeMou Cc _HUMY 
CMbICNOBOK VH@opmalLivu. 

Bugumo, A.C. Nonog o6patun BHumMaHnve cnywaTenel Ha STOT akT, NOATBEPKAaIOLUM BO3MOXKHOCTb 
Tenerpacbvposanna 6e3 npoBogos. Ho sToT cbakT NpOTMBOpeYNN MsBeCTHOMY MHeHHO Teplia O MaNnOBepoATHOU 
NPUrOAHOCTV OTKPbITbIX UM SNEKTPOMAFHUTHbIX BOSIH B TeEXHUMKe. B YaCTHOCTH, K BO3MOXKHOCTU NPUMEHEHUA UX 
Ona curdanu3zauuu wv tenerpacbupopaHua Ges mpopogos Tepy oTHocuncs cKentuyecky [9, c.117]. Ho Tenepb 
3TO MHeHMe A.C. MonoBp foka3aTeNnbHO YTOUHWN MW MpPOAeMOHCTpMpoBaNn NpaKTMYeCcKH CHrHANKM3sAalMWO 
TenerpacdbuposBanve BonHamn Fepua. 

Mo cytu, mMapTosckue onbitb! A.C. Monopa - sTo He NoBTOpeHve, a NposomKeHue onbiToB Tepya, 
KOTOPbIe ABMNMCh, TakiM O6pa30mM, CYWIECTBeEHHbIM JOMONHeHvVeM K pe3yNbTaTaM OMbITOB BeNNKOTO 
vccnegoBatens. B 3TOM XOpOLIeM CMbicne nepefaya no GecnposonouHomy Tenerpadby nepBbix cnos “TeHpux 
Tepy” mporanaet Heocnopumoe K HeMy yBaKeHve. OTa Nepefaya NerkOo NoATBepAMNAa BO3MOKHOCTb 
VCNONb3OBAHMA ONTUYeCKUX CBOMCTB anekTpuyeckux NyYen ANA TenerpacupoBaHuA MW NoTOMYy NepeAaua NpK 
$TOM CMbICNOBOM TenerpamMMb! Ana OonbwiMHcTBa cnywaTene nmpouwna Kak camo coOouv pa3ymerolueecr 
nopo6ue ontuyeckomy Tenerpady. 

Ho uto6bl foKa3aTb 9To, A.C. Mlonos anutenbHoe Bpema, MOUTH frog UcnbITeIBaNn NpVvOop, uv B Npoyecce 
€fO  MHOFONMCNeHHbIX ONbITOB vCcKan NnogTBepxmeHve NocTaBNeHHOA TeopeTMYeCKOK 3agauu. 
Npenwectayrouive onbiTb! Mo HeMOHcTpaywn onTMYecKux CBOVCTB aneKTpUYecKux NyYen MW ObINU NOAXOAOM K 
9Tomy MapToBcKomy 18961. oMbity, 3aBepwatoliemy ero TeopeTMYecKum NoucK HayyYHoro OOocHOBaHNA 
BOSMOXHOCTM TenerpadupoBaHuA BonHamn Tepya. B sTux AeiicTBNAX Bech A.C. Monos c ero cTporo HayyHbiM 
NOosAXOsOM K CBOeMy LIeneyCcTPeEMNeEHHOMY NOUCKy. | 

flemouctpauveli npu6opa B mMapte 1896 r. A.C. Nonos poBHo Yepe3 ro 3aKOHYUN BTOPOUW UW TnaBHbill 
eTan - goka3an nmpakTuueckyio BO3MOMHOCTb TenerpacdupoBaHuA snekTpuNecKuMUY MyYamMuv Hanogooue 
ontuyeckoro Tenerpada, a Tawxe goKa3an MpurogHocTb cBoero npuSopa anpenaA 18951. “kK nepefaye 
CVrHANOB Ha paccTOAHuM", O YeM TOrfa OH Bbipaxkan HafexaAy [10, c.22]. VMeHHO OO 3TOM MapTOBCKOM 
co6prtuu 1896 r. A.C. Nonos scKkope 3anBnn, YTO “ocyLecTBNeHue STOW HafexgAbl He 3actaBuno ceOa Aonro 
*KAaTb ... BECHOM CHOBa AeMOHCTpMpoBan NpvGop B 3acegaHun POXO B NpunoxKeHuu K BOCNPON3sBeAeHKIO 
onbiTos Fepua c snexTpuyeckumu nyyamu’” [10, c.22], 8 3axnioueHve KoTOpbIX A.C. Mlonop npogsemMoHcTpupoBan 
saBepwaloliee OMbIT BOoKasaTeNnbcTBO - Nepegayy cMbicnoBoro curHana Ha paccTOAHMe. OTa pelwatoliian 
MapTosckan nekuua A.C. fonopa ABYNach ero oTYeTOM NMepeg y3KOA HayYHOW ayAVvTopven oO cBOUXx 
NpAaKTUYeCKUX HAYYHbIX AOCTHXKEHUAX, CBUGeTeNK KOTOpPbIX TorMa MW BNocNeg”cTBYA NoATBepKAaNnU dak 
nepegaun np stom cnoBecHod TenerpamMb! “TeHpux Tepy”. UB AanbHevwiem Ha cBOuX NeKyMAX A.C. Monos 
HEOAHOKPATHO AGMOHCTpYpoBan UU OOpalijan BHYMaHve cnyWwaTeney Ha Oe3bicKaxkeHHoe npoxoxKAeHne 
TenerpadHbIx curHanoB Yepe3 NpenATcTBue Ha NYTU SNneKTpuYeckKoro Nyya Kak HOKAIATENbCTBO BO3MOMKHOCTH 
TenerpadupoBaHua 6e3 NpoBosos. 

OceHbio 1896 r. Hv 3umMom 1897 ©. noABUNNCch NepBble KOpOTKNe COOBLUEHUA B razeTax O6 onbiTax 
[. MapkoHy B AHrnun no Bo36yxneHuIO WU OBHapyXeHHIO @NeKTPOMArHUTHbIX BONH MW Nepefave CUTHAaNOB 
[10, c.22]. Kak nepBbii oTBeT Ha 3TH COOBWeHNA B 3aLuNTy CBoero npuopuTeTa A.C. Monos Bbictynun 8 AHBapA 
1897 r. B ra3ete “KoTNVH” co cTaTbel, KOTOpylO BNepBbie Ha3Ban “TenerpacdbupoBaHue 6e3 NpOBOAHMKoB" 4H 
yka3an, YTO NOMOGHbIE ONbITbI C BNeKTPOMarHUTHbIMU BONHaMM OH, A.C. Moros npoBoAWn cBovM NpuvOopomM B 
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1895 1r., W YTO “cHrHanvsayMA anekTpnueckumu BONHaMM Vv Cceli4ac BO3MO%KHa”, YW UTO “MOKHO OoxUpaTb 
CYLUCCTBEHHOM NONb3bI OT NPUMeHEHMA BTUX ABNeEHM B MopcKoMm gene” [6, c.196]. “Mpegnonaraa, uTo sToT 
pesynbTaT Obi AocTMrHyT Ha NYTH, HAMCYEHHOM MHOW, A CHOBa O6patunca K onbitam’” [1, ¢.51]. 

Takoe 3anBnenne A.C. Monopa caugetenbcTByeT 0 TOM, YTO LlenbIO ero BO BCeX MpeAbIAYLUUX onbITax 
Obi WU OCTABANOCbh AOCTWKEHVE YCTAHOBNeHUA CHrHANVaallMn Vv TenerpacdupoBaHua 6e3 npoBpofos, TeM 
Sonee, YTO BOSMOXKHOCTr TenerpadupoBaHua c npumMeHeHvem npvGopa A.C. NMonosa Gpina yxe oka3ana. 
Tenept fonosy npeactosrno nepeitu kK cnepyiowemy sTany onbiroR no npakTuyueckomMy MPUMeHeHM1O 
OecnpoponounHoro Tenerpaduposanua “B MOpcKom gene”. | 


IV. STan pewatowwnx ONbITOB ro GecnpoBonoyHomy TenerpacbuposaHnio 
Ha Gepery nw Mexgy KopaOnamu cbnota 


TpeTuv stan coctonn B nmepexogfe K onbiTam no npumeHeHuio npv6opa A.C. Monosa “B cBA3V Cc 
Tenerpadbom Mopse” [10, c.23}. K mapty 1897r. Monop Hakonun onbiT npvema cvrHanos Mopse Ha 
TenerpacPHbiA annapat [8, c.26] 4 B MapTe aToro roa NpoAeMOHCTpUpoBaN Tako onbiT SecnpoBonoyHoro 
TenerpadupoBanua cBouM NpvOopom “B cBA3u c Tenerpacbom Mop3e” Ha nekuvn B KpoHultTagTcKOoM MOpCKOM 
coOpannu [7, c.55]. 3atem nepegarouime vu npvemubie npu6opp! Obinu mepeHeceHb! Ha cyga BanruiicKoro 
dnota “Espona” u “Acbpuka”. Jletom 1897r., a Takxe B 1898r. AOCTUrHyTa TenerpacdHan CBA3b C 
npumeHeHvem npv6opa A.C. flonosa wv 3anvcblo NPMHATHIX CUTHANOB Ha NeHTy TenerpadbHoro annapata Mop3e 
Ha AanbHOCTAX B 3 MUI Mexay Kopa6namy (5,5 KM) 4 6 Mun (11 KM) Kopa6na c 6eperom [7, c.57, 80]. 


V. SaxnioyveHnue 


Mocne usyueHur Kpyra TeopeTuyueckux mpobnem Mu cnoco6os ux TexHNYecKux pewenun A.C. Nonosbim 
OK@3aNOCb BO3MOXKHbIM BOCCTAHOBMTb, MO MHEHM1O aBTOpa, WeMnocTHoe npeACcTaBneHue oO nocneyoBaTeNnbHoN 
BeaTenbHocTw rnyGoKkow mbicnw A.C. Monopa B npolecce novcka uM nyTe co3sqaHuA paavonpvemHoro 
npvOopa v 3aTeM AOKasaTENbCTBA BO3MOXKHOCTM OCYLUECTBNeHVA CHrHanvaauMn uv TenerpacdupoBpaHuan 6e3 
NpOBOAOB BONHaMN Tepya c NpuMeHeHUeM CBOero NpuGopa. Tako ycnex gocturHyt A.C. Monosbim 3a 2 rogja B 
pesynbTaTe CUCTEMHON OpraHu3aynn ero YeneycTpeMNeHHON AeATENbHOCTU WM Ha OCHOBe Hanepen 3aQaHHbix 
rnyOokux Hay4Hbix NpepANonoKeHuli UW UX KOMMMEKCHbIX TEXHMYECKUX PELUEHH. 

Tpw stana Takow cucTtemyol geATenbHOcTM no3ssonunn A.C. Monopy mpekpacHo vu efVHCTReEHHO 
NPABUNbHO Ha TO BPe€MA pelUMTb TexXHMYNeCKytO MpoOnemy co3qaHvA pagvoTenerpacHoro annapata u 
yBepeHHo, Oe3 sagepxKku NpUMeHVTb ero ANA GecnpoBonouHoro TenerpacupoBaHua. 
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ABOUT SYSTEMATIC AND ORGANIZED A.S. POPOV’S ACTIVITY 
IN THE FIELD OF RADIOTELEGRAPH INVENTION 


Fedotov Ye.A. 
Veterans’ Council of the Black Sea Fleet, Sevastopol-335007, Unit 51252, Ukraine 


On the base of the existing historical documents the purposeful conception of Popov's activity in the field of invention of receiving 
device for wireless signalling and telegraphing with Hertz’s rays using was given. The questions dealing with defence of Popov's 
priority in the field of radioinvention have been discussed. 
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O PAHHMX PABOTAX I. MAPKOHM 
BUTANMUMK VU AHTSVM 


EA. Defotok 
Cosem eemepaHoes YepHomepcKozgo droma, Cesacmoriorib 


Axvomauus - Mpoavanusvpoparbl paHHve (go nmonyyeHvA nepBoro nateHTa) OMbiTHbIe pa6oTe! [. MapKoHu u 
Vcnonb30BaHve MM CYlUeCcTByIOWel B TO BpeMA MHcopmMaunu O Co3faHun annapata ANA curHanvsaliun M TenerpacbupoBaHyA 
6e3 nposogos. AHanus npoBegeH Ha OCHOBe NySnMKAlMA CTOPOHHUKOB MW NPOTMBHMKOB NpKopuTeTa [. Mapxouy B v3c6peTeHnn 
pagvocBersu. 


i. BBenerne 


Nepvog sxcnepumentos [. Mapkorim no SecnpoBono4HoMy TenerpacbupoBaHulo c 1895Fr. no utonb 
1897 r. nerko pa3genretcr Ha ABa nepuosa - VTaNbAHCKM (no AHBapb 1896 r., NPOMOMKUTeENbHOCTbWO 1 ron Mi 
1 MeCAL) MW aHTNvicKni (npogONxKUTeNbHOCTbIO 1 rom v5 MecHes). 3a BeCb VUTAaMbAHCKUM Nepvog uv nepBbie 
nonroga (no utonb 1896 r.) npe6biBpaHia [. MapkoHu B AHrnMu, T.e. 3a 19 mMecALieB ero pa6oT NpakTMHecKky HET 
HUKAKUX AOKYM@HTOB O efo gevTeMbHOcTV. 3a OCTasibHble 11 MeCALIEB aHrnuicKkoro nepvuona fT. MapKoxu 
nonyyun B AHrnuu CBO nepsbim naTeHT. Ha 3TOM 9TaN OMbITHDIX paGot [, MapkoHu 3aKoH4Unca uv Hadanach 
NpakTMYeCKar AeCATENbHOCTb ero CUPMBI. 

Oxa3anocb, uTO cxemMa NpvemMHoro annapata, onyOnuKoBaHHasr FT. Mapkonu npu nonyyeHnu NaTeHTa, 
UMeeT OUCH’ MHOrO ObiWero co cxeMo NpvemHuka A.C. Nonopa, ony6nuKoBaHHon Ha 2 roma u 4 mecaa 
panee [T. Mapkouu [1, c.131]. Ogkako AucKyccuA O NpKopuTeTe NpoAoMKaeTCA HO Cero BpemeHy. CTOpOHHUKU 
npvoputeta T. MapkoHu BbIHyKQeHHO Npu3HaioT, YTO A.C. Monosp co3gqan xopowmi “HagexktHbit npudop’, 
“ABTOMATHYECKMA NPVEMHUK paguocurHanos” [1, c.130; 3, c.36], HO yTBepxAaloT, YTO U T. Mapkouu cosgan 
CBO MPVeMHUK OFJHOBpeMeHHO MW HEe3saBucunmo OT A.C. [lonoBa [2, c.165; 3, c.35]. Tem He MeHee ycTaHoBneHue 
npvoputeTta He coctTasnAeT ocoObix TpYHHOcTeA MpKw NoOsTaNHOM CpaBHeHWM CpOKOB DOCTWKEHVM 
A.C. fMonosbim uv T. MapkoHy OAVHaKOBbIX pe3yNbTAaTOB. 


ll. Wroru geatrenbuoctu Fr. Mapkonn B oGnactTu GecnpoBogsHoro TenerpadupoBaHnn 


Mo Bonpocy GecnposonouHoro TenerpacdupoBahva B AOKNage B KOPONeEBCKOM WHCTUTYTe 4 VWOHA 
1897 r. B. Mpuc ckaszan o npvemHuke [. Mapkoxv, 4YTO OH NPVYHAMAeT 3Haki Mop3e ToMmbKO Ha 3BYK VU 
BOCNPON3SBOAMT UX NOCTYKMBaHKeM MONOTOUKAa NO CTeKNAHHOW TpySke [4, c.60]. A.C. Nonos kK sTOMy BpemMeHl 
yoke YCreLUHO NpOAeMOHCTpupoBan B MapTe 1897 r. B KpOHLUTaQTCKOM MOPCKOM co6paHun onbiTbi no npuemy uv 
OTNeYaTbIBAHMIO COOGLIEHM 3HaKaMU Mopse Ha SymMaxKHOH MeHTe TenlerpadHoro arinapata [4, c.55]. B anpene 
Ofbith! Gbinuw mepeHeceHb! Ha Kopa6nu Bantdnota. Kpome Toro, 12 mapta 1896r. AC. Monos 
neMoHcTpupoBan B MetTep6yprckom yHuBepcuTeTe NpveM CBOMM MpMOOpOM CMbICNOBbIX CUTHANOB 3sHakamu 
Mopse cnop “TeHpux Fepu" Ha paccToRHuu 250 meTpos [5, c.28]. Take o6pa30m, B SeCNpoBONOYHOM 
Tenerpacbupopanun [. MapKonu otctaet oT A.C. NMonosa Ha 1 ro vi 2 Mecata. 


HI. Arorn pa6ot [. Mapkonu B o6nactTu GecnpoBonoyHon cHhrHannsalnn 


Mpuw QemMoHcTpnpoBaHun curHaNnv3alMM B NepBbIx NyONWUYHDIX ONbITAax B Anrnuu (gexaSpb 1896 1.) 
B. Mpuc ynpasnan nepegatolwm “YepHbIM ALUMKOM" C NOMOLULbIO TenerpadyHoro Knioya, [T. MapkKonHy xogun no 
ayAVTOpMU Cc ApyrvM, MPVeMHbIM “YepHbiM Auimkom”. Berkvi pa3, Korga B. Mpuc sambikan KnOY, B ALUMKe 
[. MapkoHW 4YeTKO 3BOHVN 3BOHOK [6, ¢.37]. TouHO TaKOM Ke ONbIT MO BecnpoBONoYHOK cHrHaNnusalnn 
A.C. Tlonop gemMoHcTpupopan paHee, 19 AHBapA 1896r. Ha NeKkUWM B KpoHlwTaATCKOM oTAeneHuu 
TexHuyeckoro o6uectBa [4, c.51, 52]. Takum o6pa30m, ny6nuyHyto AeMOHCTpauMio NepewadW CurHasloB 6e3 
nposogHuKkos T. MapkoHu npoBen npakTuyecku Ha 1 ro no3xKe A.C. Nonosa. 


IV. Mepspan gemoHctpauma npnOopos I. MapkokHu npegctaBuTenamM aAMMHucTpalnit 


Neppyto AeMOHcTpayuio BAHT cBOuxX MpuoOpoB B “YePHbIX AWIMKaX” ANA pa6boTHUKOB NOYTOBO- 
TenerpadyHoro Begomctsa [. Mapxouu ocywecteun B uione 1896 fr. Ha KpbIlwax anaHvi sTorOo BeEAOMCTBA Ha 
paCCTOAHUM HeECKONbKUX COTeH MeTpoB [6, c.37]. A.C. FlonoB AeMOHCTpupoBan vs06peTeHHbIN um npHoOop B 
OTKpbITOM Buge 25 anpensa 18951. B neTep6yprckom yHuBepcuTeTe (7, c.50] c ony6nnukoBaHvem npoTokona 
gacenaHvA B NeYyaTH Cc AOCTATOUHO NoApoGHbim onucaHvem aToro mpuOopa. CnefoBatenbHo, moO CpokaM 
NemMOoHCTpauM cBoero “YepHOrO ALKA” C NPveMHbIM Mpvopom T. MapkoHN OTCTaeT OT A.C. Flonosa Ha 1 frog 
uv 2 MeCALa. 

B wyenom Ha cuHuWwe onbITHOM peATenbHOCTU B uione 18971. FT. MapkoHu oTcTaeT no CpoKaM 
OAVHAKOBbIX pe3yibTaToB Ha 1 ro. flo KaYecTBy NpuemMa ero NDYEMHUK O6eCNeYNBaeT CUTHANN3aUMlO 3HaKOB 
Mop3e TonbKO Ha CNyXx. 

TaKoBbl uToru BeATenbHocTu F. Mapkouy K wionio 1897 1., C KOTOPbIMY OH BbICTYNan NPETEHACHTOM Ha 
yz06peTeHve SecnpoBonouHoro Tenerpada MC KOTOPbIMU ero NOAAEPKUBAIOT HbIHELHNE CTOPOHHUKM. 
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V. Nepsbie Mecaib! anrnuickoro nepvona gentenbHoctu IT. MapKonu 


Ucxoga u3 Toro, YTO Oo AeATenbHOocTUH IT. MapkoHy B Utanun HeT HUKaKMx AOKyMeHToOB [8, c.243], BpemA 
Ne€pBbIX 5-TH MeCAL|IEB HaYaNbHbIX pabot [. Mapkonu B Axrnun umeeT pewaroujee 3HaYeHve ANA co3snaHVA 
OCHOBHOTO TeXHMNeCKOrO afnapata, C KOTOPbiM OH mMocne ycnewHOM ero AeMOHCTpaumMn obecneuun Bce 
nocnepyloiue AoctuxernvA B AHrnun. UmMeHHoO 8 9TOM Nepvoge pasragKa Toro, Kak [. MapKoHU "Mz06pen” B 
1896 r. NpueMHbIA npuSop, umMeroLMi “Gonbuice cxogcTBo” {1, C.131] ¢ AaBHO u3s06peTeHHbiIm npn6opom 
A.C. Monosa, cxema koTOporo GSbina ony6nuKoBaHa B aripene 1895 r. 

T. Mapkouu npvse3 v3 UtTanun ““epHbie ALuNKY” Co CBOMMN npvuSopamy, yTo6b! npogeMoHcTpupoBatb 
UX AHIMMUCKOMy NO“TOBO-TenerpacbHomy BegomcrTsy [6, c.37: 9, c.69]. OnHako oH He NpeAbaBun stv npudopo! 
K AEMOHCTpalun fake Yepes MecAL| nocne npuesga, XOTA CTOpOHHMKU [, MapKoH yrRepxAaloT O ero yonexax 
B SecnposonouHom Tenerpacuposanuu B Vtannv c AanbHoctblo Gonee ogHoro KYNOMeTpa. No3qHAA Bepcna oO 
ANVTENBHOM PeMOHTe nocne NMoBpexgfeHvA annapatoB aHrnuiickuMu TaMOxKeHHVKaMM, Tem Gonee 
HamepeHHoro [6, c.37] - HeyOequTenbHa. Ora rocyfapeTBeHHan cnyK6a npu TaKux CEPbe3HbIX NOAO3PEHNAX Ha 
“WNMOHaXk” U NoctTynuTb Sbina o6A3aHa NO-rOCYAaPCTBEHHOMY - 3af€PXaTb, APECTOBATb rpy3 C COCTaBNeHHMeM 
COOTBETCTBYHOLUMX DOKYMEHTOB, HO YK HViKaK He FIOMATb efo. 

Bo-BTopbix, [. MapkoHi - He TOT YeroOBeK, KOTOpbI cMor 6b! noTepneTb HeECNpaBeANuBbIN yObITOK B 
AeHbrax VU BO BpeMeHH, Tem Gonee nocne Toro, Kak BCKOpe CTan 3HAMeHMTbIM B AHTNUH. 

B-TpeTbuX, KAKMMU JOSDKHb! ObINM GbITh NOBpexAeHUA annapatypbi, YTObb! B NpOMbIWNeHHOM AHrnuy 
€€ PeMOHT 3aHAN Gol 5 MecniyeB? 

BeportHee scero, F. MapxoHw He npvBe3 c co6ol u3 VUtanun Kako nu6o AOCTOUHbIN NpKoop, 
KOTOpbIU cMor Ob! yGequTenbHo NpOAeMOHCTpPUpoBaTb GecnporonouHoe TenerpadupoBannve V1 3QVHTEPeCOBaTb 
NnpeAcTaBuTenev aHrnuncKUXx BEAOMCTB. 

MomABUncA HOBbIA cbakt sToro BpemeHv. B Axrnun [. MapKoHn nosHaKoMuncaA c KanvTaHom 
Axrnuiicxoro dbnota I. {pkekcoHom, KoTopbIi c peka6pa 1895 r. camocTortenbHo HaYan KOHCTPYMPOBaTb VM K 
nety 1896r. vwsrotopun pelictByiowyo ycTaHoBKy 6ecnpoBonoYHoro TenerpadupoBaHun [10, c.31], 
PasyMeeTCA, Ha OCHOBE CAUHCTBEHHO M3BECTHbIX Tora cxem JlogxKxa W Monopa. OgHaKo A.J. Blond [10, ¢.34] 
yTBeEpxKAaeT, YTO ycTaHoBKa [. [pkeKcoHa “nouTH HAeEHTMYHA Tou, KOTOpylO T. MapKoHi nonBes u3 Utanun", 
vMen B BUDY NokasatHylo WM B [laTeHTe Ne 12039 uv B cBolO OYepenb cxoxyio co cxemoi A.C. Monopa 
[1, ¢.131]. Ho u3 storo cnegyet, uto [. fpkexcoH Bocnpov3Ben cxemy A.C. TlonoBpa He3saBucuMo uv paHee 
[. Mapkoun. 

Nostomy, no sce sepostHoctu, I. fpKeKcoH He genan Talib! u3 cBoel paOotbl, MOCcKONbKy B 
AanbHeriwem T. Mapkonu u T. [p>xexcoH pa6otanu B TeCHOM KOHTaKTe {10, c.31] wv mornu penutTbcaA cBoumy 
npoOnemamu. Tak un uHave, [. [pkexcou cosgaert kK nety 1896 r. cBo1o ACUCTBYIOWYIO YCTAHOBKY, UGEHTUYHYtIO 
npuSopy A.C. Nonosa, FT. MapKoHu paspa6aTbipaeT TeopeTuyeckn NPeABaPVTeNbHYHO 3anBKy Ha NaTeHT No 
CXEMEe C SNEKTPOMAFHUTHbIM YAaPHYKOM OOpaTHOM cBA3H B MpvemMHuKe, Kak y A.C. Monosa, a TawKe c 
NPUMEHEHVeM B STOM NPVEMHUKe “OObINHOrO ycTpoucTBa ANA TenerpacbupoBaHuA” [4, c.65; 11, c.48]. 2 uioHA 
1896 r. F. Mapkonu nogaert Takyio 3anBKy 8 AHrnniickoe naTeHTHoe BEOMCTBO. HO ykKa3aHHOuW B 3aAnBKe CXEMbI 
y T. MapkoHu euje HeT B roToBom Bue. OH ee euie He MEMOHCTpKpoBaN B TeYeHVe 4-x MeCAUEB - 3HAYUT HE 
WvMes". 

OTO MpegnonoxeHvne nontBepxmaetcA caktrom. Kak U3BeCcTHO, B. Mpuc ykasan B 1897Fr., uTO 
NpveMHUK M3 NaTeHTa [. MapKoHM npuHumaeT curHanb! Mop3se Ha cnyx, a He Ha Tenerpa@yHbiA annapat 
[4, c.60]. OgHako B NpepBapuTenbHon 3anBKe OT 2 MICHA 1896 Fr. yKasaHa pa6oTa npuemHnka Ha TenerpadyHbli 
annapaT. OTO nogTBepx,aerT, 4TO [. MapkoHu npu nofaye 3aABKY He MMen roToBoro NPUeEMHMKa VU HE 3HaN, YTO 
KeNaemoe TenerpadupoBahve He WCNONHMTCA Ha MpakTuKe B NMpoulecce v3roTOBNeHUA ero cXeMbI. Oto 
O3HaHaeT TakoKe, YTO NPAKTUYECKMKM NpveMHbIA NpuOop, nokasaHHbiA B NaTeHTe Ne 12039, He npvBe3seH u3 
Vitanuy, a 6bin u3roTosneH B AHrnuv nocne nogaHHon 2 nuionA 1896 r. TEOPETUYECKCK 3aABKM, ANA Yero Ku 
MOHaWOOUNCA ele AONONHUTeMbHbIN MECAUHBIA Cpok ANA Ha3sHa4¥eHUA Ha Vion’ 1896 r. noka3a npuOopos 
Ff. Mapkoun [6, c.37]. A npupeseHHoe u3 Utanun copepxumoe npvemHoro “YepHoro ALWMKa” GbINO 3A4MeHEHO Ha 
W3rOTOBNeHHbIM B AHTnvM npvemHbid npvGop mo o6pasuy npu6opa A.C. Monosa. VimeHHo o6 9Tom 
cBugetenbcrayetT O. Jlop>k, ropops oO TOM, YTO B cKOpOM BpemeHH I. Mapkonu “npvHan” K cBoemy 
UCNONb3IOBaHUWO Cxemy A.C. NonoBa c aBTOMaTMYeECKMM YOapHViKom, “OCYLUECTBNAIOLUMM O6paTHoe AelicTane 
curHana”™ [12, c.124]. 

Ayrnvvickoe Agmupantevictso, 3avHTpvroBaHHoe “YepHbIMH AuyuKamMn” T. MapKonu, skniounno 
dbnotckoro cneyuanucta KanutaHa [. fpKxexcoHa B KOMUCCYKO no ucnbiTaHnaAm annapatos [. Mapkouy ps 
ceHTAOpe 1896 1r., xoTA K sTOoMy BpemeHu [. D>KeKcoH yke vcnbiTan cRov annapatb! - “B aBrycte yxe 
OcylecTBAN Nepenary CurHanoB MexkAy ABYMA KopaOnamn, HaXOAALIMMMCA Apyr OT Apyra B Npegenax npsmoi 
BugumoctTu’ [6, c.37], KoTOopan Ha Mope 6biNna, cKopee Bcero, He GonbUes AanbHocTy, 4eM Nokasan [. MapKouy 
B CeHTAOpe ~ 3 KunomeTpa (1, 6 Munn). 3necb ymecTeH Bonpoc: novemy f. [>kekcoH He nogan 3aABKy UW He 
B3AN NaTeHT Ha CBOK annapaTb! GecnpoBogHou curHanusaynu v He sanBun 06 us06peTeHun paguocsa3sn? VU He 
Cny4anvHo, B pesyNbTaTe Bcex UcnbITaHuh Npu6opos [. MapKoHn B Aoknage B. Npuca 4 uiona 1897 r. aayuut no 
cyuecTBy pasovapoBaHve: “MapkoHu He cgenan HuYero HoBOrO. OH ... NONb3YACb U3BECTHBIMU cpeAcTBamn, 
co3qan HOBbIN “sneKTpuyeckui rna3”, Gonee TOHKUM, 4YeM BCE U3BECTHbIe SNEKTPUNeCKNE VMHCTPYMeHTbI, UV 
HoByto cucTeMy TenerpaduposaHua” [6, c.38; 11, c.49], umes B BAY 3aByKOBOe BOCNpou3sBegeHve 3HaKoB 
Mop3e. OfHako ana [. Mapkouu npotekuua B AxHrnun 6bina oSecneyeHa, NOMOWb OkasaHa, NATeHT NonyueHn, 
FaseTHan cnaBa WU NpvopuTer co3faHbl, (upma opranv30BaHa - NepBaA LIENb %KU3HU Aocturvyta. Ho Kakum 
cnoco6om - Tenepb ana [. Mapkonn He umeeT 3HayeHuaA. Vi sto NOHANV He Cpa3y uv 0 Cero BDe@MeHNU - He BCE. 
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Vi. UranbsHnckuk nepnog onsitos Ff. MapKouu 


Mocne o3HakomneHna c paGoTtok O. Jloxna [. MapKoH Hauan CBOM OnbiTbI C NOBTOPeHMA ero CXEMbI C 
HE3ABUCMMbIM BCTPAXMBaHMeM, NmocKkonbKky O. Slomx pekomeHgoBan ee Kak Sonee npegnouTuTenbHyto MM 
oTBepran nepBylo CXeMy CO 3BOHKOM Kak nomexoonacnHyto [1, c.130, 131]. C Ton cxemol O. SlomKa T. MapKkoHu 
Mor NepenaBaTb Ha COTHIO-APyrylO MeTPOB TP KOPOTKMX CurHana (TpU “TouK” - OyKBa “c”), a MOMOraBLUMU emy 
KPeCTbAHVH B3Ma@XOM MNaTKa faBan 3HaTb O npveme [11, c.46]. MlosKe c NOMOUIbIO CTaplero 6pata AnbcboHco 
[. Mapkouu nbitanca nepegaBatb cepuu gpyrnx G6yKB 3HaKamMu Mop3e, OAHaKO STM 3HaKU 3HadVTeNnbHO 
vckaxanvich npv mpveme. Bce sto gano Bo3moxHocts T. Mapkonu yOenuTbca B HeMpwrogHocTy 9TOU CXEMb! 
6e3 VCKAKeHH MPVHMMaTh coobweHnA 3sHaKamM Mop3se. Ho Ha onbitTbl c aToM cxemon I. MapkoHn 
Ycnosib30BaNn BeCb 1895 roy. 

[. Mapkoun ewe 8 Vranuw Mor 3HaTb 06 onbitax A.C. Nonoga [4, c.59; 9, c.69]. Ho npumMeHAeMmbBin 
flonoBbIM NoMexXooNacHbIi 3BOHOK oTBepran ©. log. OnacHocTh MOMeX WM BO3MOXKHOCTh ellie Oonbwux 
uCKaxKeHMA 3aTpyaHaAnu Aelvictaua [. MapKoxHuv. Heo6xoguma Spina KoHcynbTaymA O. FlogpKa. Kpome Toro, 
*KeNAHMe NONYUVTb NaTeHT cTaNno %*W3HeEHHOM nporpammow [. MapxonHn. Mostomy BosHnKna HeEOOXOAUMOCTb 
noesnku B AHTnuto, yonexy B KOTOPOU MOrnv CNOCOOCTBOBaTb CBH3M POACTBEHHUKOB MaTepN B Hay4HbIx M 
npaBuTenbcrBeHHbix Kpyrax [6, ¢.37]. 

B “uepHom aunke” [. MapxoHn Gbut npocTevWiul NpYeMHbIN NpvOop Cc HE3aBUCVMbLIM BCTPAXUBAHNEM. 
Tpv TouKY OH MOF NPUVHATb. CmbicnoBoe coo6ujeHie 3Hakamu Mopse - HeT. Nostomy T. MaprKonu no npveszy 8 
AHMnuko He mpeactaBw ero K QeMOHCTpallvn cKopee BCErO U3-3a MpakTMYeCKOU HEBOSMOKHOCTU ef 
rPUMeHEHUA K TenerpadupoBaHun. 


Vil. Boispopbl 


4. Mpumenenve [. Mapkonu (no copety O. Slog»ka) np onbirax B Vitanum B 18991. cxembi C 
HE3aBUCVMbIM BCTPAXMBAHMeM He BbIsbIBAaeT COMHeHMM. O. Siogpk nepBbiM M3 BCeX NOAKNHONMN K STOU cxemMe 
TenerpadHbi4 annapat [13, c.20], Ho wmeA OombluMe UCKaxKeHNA, He 3aABYTI O CBOEM vs06petTeHun 
6ecnpoBonouHoro Tenerpada. [. MapKoHv, NpAMeHvB NONHOCTHHO Ty xe cxemy O. JlompKa [6, c.36] wv uMer Te 
xe BoMbluiMe VCcKaKeHNA ~ 3anByn. A ero paccka3bl Oo Npveme curHaNnoB, OOO3HaYaeMbIX 3BYKOM, CTOPOHHUKH 
[. Mapkonn BbigaioT 3a TenerpacbupoBanve [1, c.130; 8, c.243]. Takum oOpa3o0m, NpuTAsaHvA [. MapKounu vu ero 
CTOPOHHMKOB Ha Me@PBEHCTBO WN OAHOBpemeHHOCTb ¢ A.C. Monosbim B usoOpeTenuu 6ecnpoBonoyHoro 
Tenerpada c 1895 r. HenpaBAONOAOGHb! nm He OGOCHOBaHbI AOKyMeHTamy [8, c.243]. 

2. MpvemHuk c aBTOMATNYECKUM YAapHUKOM O6paTHON CBA3M, NOKa3saHHbIN B NaTeHTe Ne 12039, Obin 
vsroToBneH [. MapKouy 8 Axrnuu B nepvon c cbespana no uwnb 1896 r. no oOpa3iiy cxemb! A.C. Nonosa. 
NopTBepKMeHVeM STOMY MOKET TAKOKE CNYKUTb Pa3HTEMbHbIN KOHTPaCT pe3yNbTaTOB ONbITOB B Vitanuu c 
nepenayel KOpOTKUX cHrHanoB “npvGnuauTenbHo Ha 1 KUNOMeTp" 3a BeCb 1895 r. [6, c.37], No cpaBHeHuio Cc 
pe3ynbTaTamu SbicTporo HapaluMBaHVYA AaNbHOCTU NepeAauu CurHanos Ao 14 KUNOMeTpOB B AHrnuv B TeYeHne 
nlocnepyroluux 10 mecauieB nocne vionbcKow 1896 r. MeEMOHCTpAalMN AKOOb! STOTO KE VTANbAHCKOTO NPUeMHOTO 
npv6opa. OAHaKO 9TV HOBbIe AOCTMKeEHUA, NOKAsaHHble Nocne 5 MecAUeEB npe6bipanur [. Mapkouu B AHrnoun, 
HAaBOAAT Ha MbICNb wu nogTBepxAatoT, YTO B AxHrnMu F. MapkoHw npwmeHun Apyryto cxemMy C HOBbIMM 
KAYECTBEHHbIMV BOSMOKHOCTAMN Mo CpaBHeHuto C Vicnonb30BaHHoOH B UTanuu. NpumeHaAr B NaTeHTHOW Cxeme 
HoBoro KOorepepa C MpUTepTeIMM asneKTpOg“aMM B 3aMaAHHOW CTeKNAHHOM TpyOKe C BbIKaYaHHbIM BO3AYXOM 
[1, ©.132; 4, c.60] B3ameH ucnonb3oBaHHoro B cxeme B VTanun ManouyecTBuTesbHOrO Korepepa O. Flogxa 
[6, ¢.36] HoKasbIBaeT cbakT HECOMHEHHOrO U3rOTOBNeHMA HOBOrO MUHNATIOPHOrO KOrepepa “B NPOMbILUAeHHOU 
Aurnuu”. YkasaHHblii cbakt nosrBepxmaet TakoKe, YTO OAHOBPEMeEHHO NOA STOT HOBbIN MUHMaTIOpHbid Korepep 
6bina wsroTOBNeHa B AHrnun 3aogHO WU HOBaA cxeMa C HEOONbLUUM SNEKTPOM@rHUTOM YAaPHUKa B YETAX 
MUHUMarbHOW NOMeXOONACHOCTM OT UCKPeHMA - C “M@NeHbKMM MOMOTOUKOM” O6paTHOM CcBA3H, “ObICTPbIMY 
kone6aHVAmu” yAapAlolwMM mo MM¥HMaTIOpHOMy KOorepepy [4, c.60], ABHO MAeHTMYHAR CxXeMe A.C. Nonosa 
anpena 1895 r. ¢ Npepbipatenem B BugAe snektTpuyeckoro 3BoHKa [4, c.65]. GTO cxo_cTBo, o6HaKUBLUeEeCA B 
1897 r., NpusHaNV yYeHble MW BNeKTpOTeXHUKU. OTcloAa cNepyeT, UTO CXeMa NPVEMHMKa M3 MaTeHTa Ne 12039 
He ABNAeTcA u3s06peTeHvem IT. Mapkony, a “npuHata” vm co cxemb! A.C. Monosa (12, c.124] K ucnonb30BaHuto 
B WenAXx mMuYHoro OGoraenna [8, c.245]. . 

3. YrBepKaeHNe CTOPOHHMKOB [. MapKoHy, YTO OH CaMOCTOATENbHO UM He3saBucumo OT A.C. Tonopa Ha 
ocHoBe cxemMb! O. JlogxKa co 3B0HKOM [1, c.130] cosgan cxemy Cc YHapHYKOM OOpaTHOW cBA3U, CXOKYIO CO 
cxemon A.C. Monosa - HecocTOATenbHb!. B cxeme O. Jlog>Ka CO 3BOHKOM COTpACeHMe KOrepepa CoBepWwanocb 
cnyyaviHO Yepes vHepuvanbHylo BYGpauuio Bock ¢ korepepoM OT MexaHuecKkoro BOsMeviCcTBUA Ha Hee 
Kone6aHnii AKOpA paboTalolero 3BOHKa, 3akpenneHHoro BONU3U Korepepa Ha 3TON AOCKe. Ho 9TO He YAapHoe 


coTprceHue. ApTomaTuyeckoe yhapHoe Bo3felvicTBve Ha Korepep 3aMbICNUN VU NPUMeHYN Ha NpakTVke NEPBLIM 
A.C. Monos v 3HayuTenbHo paHbwe T. Mapkonu, B anpene 1895 r. [14, c.22]. Nostomy npumeHenue IT. Mapko- 


HV TakOro ABTOMATMYeCKOrO YOapHiKa eCTh UCNONb30BaHVe B CBOeM NaTeHTe uz0GpeTeHua A.C. Monosa. 

4. Mo pesynbTatam paGot [T. MapkoHi He WMeeT HA MO CpoKaM, HU No cosepxkaHuto HUKaKOU 
OAHOBpemeHHocTU ¢ A.C. fonosbim. Ero otctapaHue oT A.C. Monosa coctasnseT 1 ro, B TeYeHve KOTOpOrO 
A.C. Nonos tTpwxabt (no vioHb 1896 Tr.) ony6nuKkoBan B NeYaTM (B TOM YUcNe ABAaxKAbI C Me)dKAYHapoAHon 
paccbinKo) nNogpoGHoe onmmMcaHve cBoero mpvemHoro mpuOopa. B 3sTom cnyYae HenpvemneMbl HukKaKkKe 
YTBEDKACHUA O CaMOCTOATeNbHOCTM co3qaHuA [. MapkoHi cxeMbt NpveMHika, BeCbMa cxoxKenw CO CXeMOU 
A.C. Monosa, Tem Gonee np npambix CBYZeTeNnbcTBax COBPeEMeHHUKOB 06 ucnonbsoBaHun [. MapkoHu CxeMbtI 
A.C. Nonosa ans cpoux yener [12, ¢.124; 8, ¢.243]. 
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5. Mockonbry FT. Mapkouu ucrionb3soBan cxemy A.C. Monosa, Kak MW Toy”bt Apyrux yUeHbIX, He B LYeENAX 
Pa3sBUTHA HaykKv, a ANA cBoero oOoraujeHueA [8, c.245], To Takue AeViCTBUA eCTb ABHbIN TexHNYeCKMA Nnarna+r, 
OcyLUecTBNeHHbIn [. MapkoHu B Lenax oOnaganuar NaTeHTOBaHHbIM NpaBom Ha MUpoBylO MOHOnonH [4, c.137] 
B MNPOU3BOACTBe pagvoannapaTos. 

6. Bce Bbilweyka3aHHble chakTb! NogATBepxKAatoT HEOHOCHOBAHHOCTb NpuTAsaHui [. Mapkoxu wn ero 
CTOPOHHUKOB [2, c.165; 3, c.35] Ha NepBEHCTBO UNM OAHOBPEMEHHOCTb, a TaKWKE HESABUCUMOCTb B U306DeTeHUN 
PaqvonpuemHika wn pagnvocer3v. Myposo HayyHo-TexXHuYecKOH OGLUECTBEHHOCTbIO 9TH NPUTA3aHUA 
OTBeEprHyTb! ele B 1903 r. Ha Mepsow MexpyHapogHoi KoHdepeHunu no BecnposBonouHomy Tenerpacuposa- 
Huto B Bepnune [12, c.126; 10, c.33]. 

TakoBbi cofepxanve uv UTOrM sTAaNOB skCNepuMeHTanbHbIx pabot [. Mapxoun B Utanuu uv Axrnun 
BNNOTe AO NonyYeHUA UM NaTeHTa Ne 12039 2-ro uiona 1897 1., KaKMMY OHV NpeACTaBNAHTCA U3 NPeKHUX VM 


HOBbIX CBeEAeHMi, KOTOpbIe NOABUNMCh B NeyaTu K 100-neTuIO u306peTeHuA pagnocBA3sN, OTMeYeHHOrO B Mae 
1995 r. 
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ABOUT EARLY MARCONI’S EXPERIMENTS IN ITALY AND ENGLAND 


Fedotov Ye.A. 
Veterans’ Council of the Black Sea Fleet, Sevastopo!-335007, Unit 51252, Ukraine 


The earlier experimental works and using by Marconi of the existed information about invention of device for the wireless 
signalling and telegraphing before he had got his first patent, have been analyzed. The analysis has been carried out on 
the base of publications of the defenders and the enemies of Marconi's priority in the field of radioinvention. 


Marepraant 6-41 Mexaynapognott Aeaemcnoit Maxpovoanonoit Kanpepenunn ReerHa®e'G6. 16-19 cewra6pn 1996 v., Cenacronoa, Kpoim, Yepauna 
Proceedings of 6th International Geemean rMecrowave Genference CreMdle'96. 16-19 September 1996, Sevastopol, Crimea, Ukraine 103 





CBU-ycunutTenu, TpPaAH3SUCTOpbI 
VHTerpanbHble CXeMbI 


Microwave Amplifiers, 
Transistors & IC 


MANOWYMALYME CBY TPAH3SUCTOPHbIE YCUNUTENMK 

Vi NPAEMO-NPEOBPASOBATENbHbIE MOAYNN 

H.B. WinnyHora, V.B. Kpyunnmn, B.H. Tapacos, B.A. 3aiues, A.M. VrHatbes, B.D. CanbHVKOB......e.c0.---. 107 
LOW-NOISE MICROWAVE TRANSISTOR AMPLIFIERS AND RECEIVE-CONVERT MODULES 

N.V. Shipunova, I.V. Kruchinin, V.N. Tarasov, V.A. Zaitsev, A.P. Ignatyev, V.F. Salnikov 


CEPA LUAPOKONONOCHBIX TUBPUAHO-VHTErPANbHbIX YCUNUTENEN MOLWHOCTU 

B MAAHAPHOM VCNONHEHMM ANA AUANAZOHOB 2-4, 4-8 uw 8-12 Ty 

B.®. Tapmaw, A.A. Kuwmuckni, 5.B. Kppinos, A.X. Hacbipos, E.A. CBVCTOB....ccccccccscssssssecececsecceccecceccececceece 112 
A PLANAR PACKAGED BROADBAND HYBRID POWER AMPLIFIERS 

FOR 2-4, 4-8 AND 8-12 GHz FREQUENCY BANDS 

V.F. Garmash, A.A. Kistchinsky, B.V. Krylov, A.H. Nasyrov, E.A. Svistov 


The results of design and testing of unified power amplifiers set for 2-4 GHz and 8-12 GHz frequency bands have been 
presented. The amplifiers are made in planar microstrip packages of 50x42x5 mm size. They are assigned for using in 
powerful output stages of hermetic supercomponents for different applications. Hybrid amplifying modules are based on the 
flip-chip transistors (3160365-5 for 2-4 GHz band and 3M606B-5 for 4-8 GHz band) and MMIC of M421191 type (for 8-12 
GHz band) are designed for the discussed projects. They are used as active elements in the amplifiers. All the amplifiers 
are based on two-stage scheme. Two amplifying modules are combined in the first stage, the four-channel combiner based 
on the Lange couplers and inphase combiner are used in the second stage. 


YCUNUTESIb MOLUHOCTU AUANASOHA 4-8 Fry C BbIXOAHOM MOLYIHOCTbIO 2,5 Br 

A.A. KULMHCKME, A.X. HACbipoB........cccsssssscscsssssscsssecescesecsssscaracessscatscessntarausensusssusersuassessutesssuasesucessvecceseseseeceeceseccsee 117 
4-8 GHz POWER AMPLIFIER WITH 2.5 WATT OUTPUT POWER 

A.A. Kistchinsky, A.H. Nasyrov) 


YCUNUTENb MOLIHOCTH ANA PAQMOPENENHbIX CTAHLINVM 

C YACTOTHOK U AMMIUTYQHO-®A30BON MOAYNALIMENA AVANAZOHA 7,9-8,7 Fy, 

A.A. Kuwmucknii, A.X. Hachipos, E.A. Cauctos, B.B. Kpbiriog, 1O.H. MPOHUH.L.......ccccccsscsessscsssscscsescseseseussnees 120 
7,9-8,7 GHz POWER AMPLIFIER FOR RADIOLINK STATIONS 

WITH FREQUENCY AND QPSK MODULATION 

A.A. Kistchinsky, A.H. Nasyrov, E.A. Svistov, B.V. Krylov, Y.N. Pronin 


TPAHCUMNERAHCHBbIN YCUNUTENb oe 

C.F. HKyKos, A.T. Kosno, B.W. XUTEKO.........cccecsscsssssssrcassssessecsssessscacscosereasassccsesssusesecessaressesataccessssarecseusacceeceseseee 123 
TRANSIMPEDANT AMPLIFIER 

S.P. Zhukov, A.T. Kozlov, V.!. Hitko 


TABPAQHO-MOHOJIMTHbIE YCUNUTENU CAHTUMETPOBOrO 

VU AELIVMETPOBOTO QNVANA3OHA OANA CACTEM CBA3N 

PA PY TOR Mets PLY AUB asda ces coatecsneueicescvssisvesuenba caastianediveAiteeesiadcasunsa casdi henteuatteseig ened Bee aie kd 126 
HYBRID MONOLITHIC UHF- and SHF-BAND AMPLIFIERS 

FOR COMMUNICATION SYSTEMS 

A.V. Krutov, K.V. Dudinov 


Marepraan 6-4 Meaaynapoanoit Reamcnolt Muxposoanonolt Kanepenynn ReuMaRe G6: 16-19 centa6pa 1996 r., Cepacronoan, Konia, Yepauna 
Proceedings of 6th International Granean *Mfécrowave Genlerence Crevtlile'96. 16-19 September 1996, Sevastopol, Crimea, Ukraine 105 








NONEBbIE GaAs MOHHONEFMPOBAHHbIE TPAHSUCTOPbI 

C BAPbEPOM LUOTTKH CAHTUMETPOBOTO DMANASOHA 

ONA ChCTEM HABMrAUUK K CBASK 

A.B. KpyTOB, B.A. MY Tiii......scccssssensessecsscessensencssunanccssenessensnenscnesseneueceuetennensusnsassescereuaneuatascusuanucaauensosgesansnsonenausaess 130 
ION-DOPED SHF-BAND GaAs MESFETs FOR NAVIGATION 

AND COMMUNICATION SYSTEMS 

A.V. Krutov, V.A. Mitlin 


20-BATTHbIV YCUNIVTESib MOLLUIHOCTH C-QMANA30OHA 

V.M. A6ongyes, H.B. Ankees, VW. Kyuinepedko, B.M. MUHHeOae...........ccccessscesesenesnaseacsnessesensasenssnessnenseens 136 
20 W C-BAND POWER AMPLIFIER 

|.M. Abolduyev, N.V. Alkeev, I.1. Kushnerenko, V.M. Minnebaev 
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dB, and the efficiency is more than 22%. FETs which are used for C-band power amplifier fabrication are the production of 
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BONHOBOAHO-WVHTErPANbHBIE MANOWYMALIUE YCUNUTENU HA NT 

B.H. KoweTKos, IA. KYSHOLIOB........cccesserssessscsressessussnncessnsnensscsnusescnsasscezsorsnsancecsevencassuseccosseusenesseussosacusesterasannenac stone 140 
LOW-NOISE FIN-LINE MESFET AMPLIFIERS 

V.N. Kochetkov, G.A. Kuznetsov 


YCUSIATENM CPEAHEM MOLIHOCTH HA NONEBbIX TPAHSUCTOPAX C BAPbEPOM LUOTTKU 
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MESFET MEDIUM POWER AMPLIFIERS 

V.P. Osipov 
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Manomurymamme CBY rpan3sucropHple ycwinresn 
M ipHemMo-npeoopa30BaTesIbHble MOLY 


H.B. Wunynosa, W.B. Kpyaunun, B.H. Tapacos, 
b.A. 3anues, A.J]. Urnarses, B.D. CanbunKos 


HIT “Camor” 603107 H.Hosropog, yn. Jlapnua 7 
Ten. (8312) 66-22-67 daxc (8312) 66-50-20 


AHHOTalnngA 


PaspaOoTaH psa Y3KOMOJIOCHEIX, WIMPOKOMONOCHBIX HM CBePXIIIMPOKOMONOCHEIX 
MaJIOWyMsalux CBU TpaH3ucropHplx ycunurenel (MILY) 8 quama3one aactor 0.01- 45.0 
ITy c kospdunventom wynma 0.8-7.5 qb, kosdduyuentom ycunenna 15-50 nb, ypopHem 
BLIXOJHOM MOLIHOCTH B JIMHeEMHOM pexume | - 10.0 MBr; cpegHelH MoujHocTH - 20 500 MBrT. 

Ha O6a3se paspaOotanHprx MIITY co3ganbl WapOKOMONOCHbIC = TpHemMo- 
peoOpa3o0BaTevbHble MOMyIM B WMama3zoHe uactoT 1.0 - 18.0 IT ¢ xoxdbduynestom 
nepegam 30 - 50 ab, Kospdutuentom mnyma 1.7 - 5.0 gb. 

\ 


I. Baezenne 


B HacTosllee BpeMA CKIIabiBAaHOMaicdA CHCTCMa PbIHOYHBIX OTHOMICHHH HE MOXKET 
OOOUMTH NpeAMpMATUA MPOMBINWICHHOTO KOMMMIeKca, K KOTOpbiIM OTHOcHNOcE HII 
“CamroT”, a oOTclogqa WHTepecbl moTpeOuTemei cram ofMpesesiaiolgmMu B HaydHO- 
TeXHHYeECKOH NOWMTHKe B OOMacTH pa3paSoTKH HW BbINycKa HallMM Mpempuatnem CBY 
TpaH3UCTOPHbIx yCuJIMTeNeH. 


HI. Ocnosubie Hanpassienna pa3spuTua MITY 


OcHOBHBI¢e HalpaBeHHA, TO KOTOPEIM Bench pa3paOoOTKH MaJIOMIyMALIMX ycumMTenet 
paHee, a UMeHHO: 
- OCBOCHHE BLICOKOYACTOTHOrO AMana30Ha NO 45.0 [TT y; 
- TOCTYDKeHHE TipeyenmbHO HU3KOTO KOS*PUUMeHTA Wyma 6e3 TIPMMeHeEHHA Ciiel{MasIbHBIX 
OXIa@KTarOlWAXx yCTPOKCTB; 

- paciuMpenne MOUOCH NpomlyckaHus; 

- cosmanve MIUWY c wHopmupopannpima AUX wu MUX, yarosnerBpops1omumMu 
TpeOopaHHam cucrem c ADAP; 

- MOBbILICHHe MAHUMAJIBHOW HapaOoTKH Ha OTKA3 

OCTaJINCh ONpeeusIOMMMH. 

Hapany c 9TMM B HacTOsLee Bpema OoONbIe, YeEM B MpebIyWiue TOMbI , yMenderca 
BHYMMaHve BOMpocaM CO3,aHMA Y3KONONOCHBIX MH ape TMIIOB yCHJIMTeNeH m0 
KOHKpeTHbIM TpeOOBaHHAM 3aka34nka. 

Vimeetca BBuay co3naHMe pana CBU ycumuTenei B oOecneyeHue KOHKpeTHOU 
ammaaTypbl MOTpeOuTesla C 3aqaHHbIMH TpeCoBaHuAMH Kak 10 KOSDHLMeHTY IlyMa, Tak 
WM yCHMTeneH C PaCIIIMpeHHbIM AHHaMMueCcKHUM [{Malla30HOM C BbIXOAHOM MOIMHOCTbIO B 
JMHEHHOM pexkvmMe HO ecaTKOB MBT WW yculIMTeew cpenHei MouHocTu - nO 500 MBrt, 
YCHIMTeNeH C YCTPOHCTBAMH 3alMTbI WU MOZYyIeH c WpeoOpas0BaHueM YaCTOTHI. 

B KaKOOM WMala3soHe YaCTOT C4MTaeM IenecooOpa3HbIM CO3qaHWe KOHCTpyKyH Cc 
KOaKCHaJIbHBIMM HW NOUOCKOBLIMH BLIBOaMN, FOTOBbI NMPOV3BOAUTE MOCTaBKH OTJICIbHbIX 
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YCVJIMTENMbHBIX KACKaJOB, 4 TakWKe MPOW3BOMTb CTbIKOBKY YCTPOKCTB noTpe6urena c CBY 
YCHIMTeNAMH. 

Takum o6pa30M, TexHHuecKkad NOMMTHKa Hanpapsiena Ha OOecnedeHHe MaKCHMAJIbHBIX 
ynoOcTB MoTpeOuTemio, BO3MOXKHOCTh 34Ka3aTb Ha HaIUeM NpeMMpHATHM NpakTHyeckH 
NONHbIM HaSOp ycuNMTeNeH B OOecnedeHve SIeEKTPOHHOM arilapaTypbl, B TO BpeMaA Kak 
paHee MbI CMelManv3upoBanicb, B OCHOBHOM, Ha pa3paOoTke MasIOUTyMALIHXx 
UIMPOKOTIONOCHEIX MH CBEPXMIMPOKOMONOCHBIX ycumutTeneH, paccCuMTaHHbIx Ha 
yHUPHUMpOBaHHoe IIpHMeHeHHe, UTO OFPaHMIMBAIIO KpyT HaUIMX 3aKa3qMKOB. 

JIpyroe BpaxHoe OOcTOATENbCTBO TO, YTO Cpe Halle NPOAYKUMM NOABHIIMCh M37eu1HA, 
CBA3AHHbIC C KOHBEPCHel, a HMCHHO: 

pa3pa6oTaH WupoKu pa ycunmrened B TMOpMAHO-MHTerpalibHOM UMCHIOUIHeHHM (c 
MONOCKOBLIMM MW KOAKCHANbHbIMH BbIBOJAMY) [WIA ACMONb30BaHHA BO BXOAHBIX TpakTax U 
tpaktax ITU B cucremax CIyTHHKOBOrO TeseBuycHHsA, CIIYTHHKOBOM TemePOHHOH CB«3H, 
KaOeHbHOrO TeNeBUeHUA, palwopeslewHO CHCTeMbI CBA3M, MeTMINMHCKOM armapatype u 
Wpyrax OO‘eKTAaX HAPpONHOXO3AHCTBCHHOTO 3Ha4eHHA. 

Pa3spaOoTKH, CBA3AHHbIC C 9THM HallpaBleHHM, MpOBOMATCA B KpaTyaliMe CpOkM C 
oGecneueHvem MOCTaBOK W3enui B CpOKM, HCOOXOMMMBIe 3aKa34HKy. 
 B wacrosijee spema Gombiice BHYMaHHe yelseTca pa3spaOoTKe ycumuTenen C 

HOPMMPOBaHHbIMH aMIUIMTYHO-YaCTOTHBIMH WM (Pazs0yacTOTHBIMM XapakTepwCcTHKaMyM UW 
QeKTPM4eCKHM yIpaplenvem  Wa3o0Boii MIMO, yOBNeTBOpsIOIMe TpeOoBaHHAM, 
IpebABIIAeMbIM K CHCTeMaM C (Pa3HPOBaHHbIMH AHTCHHbIMM pelveTKaMu. Ilo sTomy 
HalpaBleHHto IIpOBeAeHbI PaOoThl, B KOTOPbIX OLNIM HMCCeqOBaHbI pa3sHble CTpyKTYPHbIe 
CXeMbI yCHNIMTeNei MU WaHbl pekoMeHAaluu 10 BLICOpy ONTHMAbHOM CXeMBI yCMIMTeleH, 
WO3BOIAIOINeCH § OHOBpeMeHHO peasIM30BaTb HeJIMHCHHOCTh, HeUTeCHTHYHOCTL 
AMIVIMTYMHO-YACTOTHEIX HM a3z30uacTOTHbIX XapaKTepHCTHK, MVHUMAasIbHOTO 
KoxpdbunMenTa WlyMa pH oOMnTHManbHEIx 3HayeHwax KCBH Bxofa M MaKCHMaIbHOH 
BLIXOMHOM MOLIHOCTH B JIMHCHHOM PexKUMe. 

PaspaGoTaHbI uM BbIlycKaroTca 43 HaykKu MIY B caHTHmMeTpoBOM AMalla3oHe AVIMH 
BONH c Momocow mponyckanua + 15%, HenMHeliHoctbIO DUX = 5 - 7°, HEMACHTHIHOCTHIO 
MUX or o6pasya k OOpasny 7 - 10°, HeupeHTuuHOCTEIO AUX = + | ab, kos puunexTom 
mya 2.5 - 3.0 4b, kospduuwentom ycunenua 20 - 25 Wb. 

Cosmana TexHwueckad 6a3a aia falbHelimmero npoBegqenua OKP no pa3paOSoTKe 
MasIOMyMALMX ycumuTenel c HopmMupoBaHHbimu AUX u OUX. 

Jia w3MepeHHa aMIIIVTYAHEIX M a30UaCTOTHBIX XapaKTepHCTHK yCHIIMTeNeH M 
apaMerpoB paccesHuaA TpaH3HCTOPOB B KOpPNyCHOM HM KPHCTaNbHOM HCIIOUIHeHHM Ha 
npenmpuaTuu pa3pa0oTaHa aBTOMAaTH3HpoBaHHas cucrema (AMC) Ha O6a3e 
paspa6oranHoli HHUTIM yctanopxu “Potouga-2” B amanma3oxe 4acTor | - 18 Tg. 

B pe3yibTaTe MOCTOAHHOTO COBepIIIeHCTBOBaHHA KOHCTpyKUMMM HM TeXHOMOTHH 
W3FOTOBICHHA, BHePeHHA WepesOBbIX MeTOZOB cOopKH HM MOHTaKa rvOpHyHO- 
MHTCrpanbHbIX CKCM, MHHHMasIbHad HapaOoTKa HEKOTOPEIX YCHIIMTeNeH B WelMMeTpOBOM 
yMama30He 4WaACTOT MOBbIWIeHAa MO 55 THIC. 4ac. 

[lnanupyerca mpopeeHue paya paOoT MO yBeNHYCHHIO MMHMMaIbHOM HapaOoTKH 
ycumurenen oO 75 TIC. 4ac. 

B mocnenHMe rogbl KOWIeKTHB pa3spa6oTYMKOB OobUIOe BHUMaHHe yeuIxeT 
paspaGoTke lpwemo-mpeoOpa3z0BaTeyIbHbIX MOfyieH MO KOHKPCTHBIM TpeOoBaHiaM 
3aKa3quka. 

B regenvie 1995-1996 r. paspa6otano 4 THMa MpvemMo-npeoOpa30BaTesIbHbIX MOAYIeH B 
JIeLMeTPOBOM HM CaHTMMeTPOBOM [Malla30HaXx AIMH BOUIH. 

TexHuueckue XapakTKpMCTHKH BCeX THNOB yCHIMTeNeh HW MpHemMo-npeoOpa3z0BaTeMbHblx 
MOLYyieH CBeCHbI B TAOHIEI. 

Iipu weoOxogMMocru TexHw4ecKHe XapaKTepHCTHKH WM KOHCTpyKUMM ycuuMTench uM 
MOsyiel MOTYT ObITh WOpaooTaHbl MO KOHKPeTHLIM TpeOOBaHHAM 3aka34Hka. 
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I. Koncrpykana ycuauresteii 1 npremo-npeobpa30BaTesrbHbIx MOLY eH 


Ip co3qanwu psa Manomuymauux CBO TPpaH3HCTOpPHbIx ycuMTened wu mpnemo- 
MipeoOpa3o0BaTebHBIX Moye MO mpexHemy WOMMHMpyert rnOpuyqHO-MHTerpaspnad 
TeXHOMOFHA, KOTOPad MOZBONMACT MOBLICHTb WPOUeHT BbIXOMa FONHEIX H3LeIM 20 90-98 % 
Mp xopomo oTpaOoTaHHO o9eKTpHyeckol cxeme uM OTMaKeHHOM TexHONOTNH 
MPOW3BOJICTBA. 

Teopetuaeckuve WM SKCHepHMeHTAaJIbHEIe ccHeqOBaHHa MoOKa3au, Y4ro ruOpuaHo- 
MHTCrpabHad TCXHOJIOTHA NO3BOIINCT PeaM3OBaTb MyUWIMe WleKTpM4eckue MapaMeTpEl 
yCHIMTeeH HW MOAye B elHMeTPOBOM H CaHTHMeTPOBOM JWMalla30HaXx WINE BOMH. 

B WelMMeTpOBOM HW CaHTHMeTPOBOM jMala30HaX AIMH BONH BCe THIBI ycumuteneti 
BBINYCKaroTca B JIByX MOAMMUKAaUHAX: 

~ PePMCTHYHBIe C KOAKCHAJIbHO-NOJIOCKOBbIMH BLIBOaMH, 

- C HOJOCKOBLIMH BbIBOZaMH. 

B MWIMMeTPOBOM AMana30He JUIMH BOH BXOU, BEIxOon CBU curuana - BONHOBODHBIIi. 

B KayecTBe aKTMBHOTO 9/leMeHTa B pa3pa6oTaHHBIx YCMIMTeCNAX WM MOJYIIAX 
MCILOMb3YIOTCA TpaH3McTopbl, pa3spadoTanHpre B HIIO “Ilynpcap” ( Mocxsa), HIIO 
“Iinanera” (Hosropog), HITT “Camor” (H.Hosropog) u 3apyOexKHBIe. 

B kayecTBe NOANIOKKM HCMOMb3yeTCA NONMKOP, KBapy, TouMMHON 0.2, 0.5 unm 1.0 mM, B 
34BMCHMOCTH OT WMana30Ha 4acTOT. 

B  xkayecTBe OJIOKHPOBOUHBIX HH pa3Ba3bIBaIOWMX eMKOCTeli MCIOUIb3yYIOTCA 
KOHAeHCaTOpE! Tuna K10-17, K10-42 wu kepamuyeckue KoHneHCaTOpE! paspaborKu HIITI 
“Camor”’. | 

B mepciekTHBHOM HalipaBienun GOynyT mpoBoxuTeca paOoTbhl MO yMeHBINeHHIO 
KOSpPulMeHTa WyMa B AMana3zoHe yactot 0.01 - 45.0 ITu u CO3HaHHIO Hay4dHo- 
TCXHHYECKOrO 3ayena moO co3maHMIo MIIY yo 60.0 Tn u pa3spaOoTKe lmpvemHo- 
MpeoOpa3opaTerbHublx MOLyiel KOHKPeTHOTO NPUMeHeHMA. 


LY. 3akmouenne 


Pa3pa6oTanHpie MIITY u npuemo-npeo6pa30satenbHble MOJIYIIM OTIM4AalOTCA BbICOKOL 
HAA@KHOCTHIO H WO CBOMM TeXHMYCCKUM MW 9KCIIyaTalMOHHbIM XapakTepMcTuKkam 
YHOBIETBOPAIOT TpeOOBaHHAM, Pe bABIAeMbIM K KOCMHYeCCKON, caMomeTHOI, MOPCKOH 4 
Ha3eMHOM altlapatype, a TakoxKe HAPOTHO-xO3aiCTBEHHOM TeXHUKe. 


LOW-NOISE MICROWAVE TRANSISTOR AMPLIFIERS AND RECEIVE-CONVERT MODULES 


Shipunova N.V., Kruchinin |.V., Tarasov V.N., Zaitsev V.A., Ignatyev A.P., Salnikov V.F. 
Salut Co., 7 Larin St., Nizhay Novgorod-603107, Russia 
tel. (8312) 66-22-67, fax (8312) 66-50-20 


The set of low-noise microwave narrow-band, broadband and ultrabroadband transistor amplifiers (LNA) in the range of 0.01 - 45.0 
GHz with noise figure feature of 0.8 - 7.0 dB, gain of 15 - 50 dB and linear output of 1 - 100 W is developed. On the base of these 
LNA, wideband receive-convert modules delivering 30 - 50 dB gain at 1.7 - 5.0 dB noise figure in the frequency range of 1 - 18 GHz 
have been manufactured. All hybrid LNA and receive-convert modules have small size and weight and feature of a high reliability. 
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CEPHA IMP OKOTIOJIOCHBIX PMBPHIEHO-HHTEFP AJIBHBIX 
YCHIMTEIEH MOUMOCTH = BTJIAHAPHOM HCIOJIHEHUH [UIA 
JIMANIA3OHOB 2-4, 4-8 HW 8-12 ITH. 


B.®.Tapmam, A.A.Kyunimuckuit, b.B.Kppuros, A.X.Hacprpos, E.A.Csuctos 
Toc HHPTH, 107066, 2.Mocxea, ya.Hoeas bacmannan,20, m.263-97-24 


AHHOTAHHWA 


PaccMaTpuBaloTCd pe3yIbTaTb! paspa6oTKH WM MCHbITAHHN pala VHNDUIMpOBaHHbIX 
ycHIMTeleti MOINHOCTH, BbBINONHeHHBIX B TlaHapHOM HerepMeTHYHOM Kopliyce c 
MHKPONOJIOCKOBbIMH BbIBOWaMH, WepeKpbiBalowIMx YacTOTHbIK AMana30n 2-12 TT Tpema 
marepamu (2-4.Tu, 4-8 [Iau 8-12 [Tg c perxogHow Monoctro 1,6 Br, 1,2 Br, 0,65 Br 
COOTBCTCTBCHHO) H IipeaHa3HadeHbIxX WIA MpuMeHeHWA B KayecTBe MOLIHbIX BbIXOHbIX 
KacKaflOB TePMeTH3MpOBaHHbIX MUKpocOopok pa3IM4HOrO Ha3HadeHHd. 


BBEJEHUE 


Jlo Hacrosilero BpemeHw B Poccun u crpaHax CHI we Obilo 3aKOHYeCHHbIX OIbITHO- 
KOHCTPYKTOpckuX padoT lO MpoeKTHpOBaHHIo WIMpoKonoocHbIx CBY ycnmTeset c BLIXOTHOM 
mMomHoctTpIo 0.5-1.0 Batr u 6onee B quana3zone Bble 2 TTY. Oro oObaAcHAeTCH LestbIM 
KOMIMIeEKCOM IipHaMH, 3 KOTOPbIX MO%KHO BbIZCIMTb OCHOBHbIC: HeOCTaTOUHYIO 
WpakTH4ecky1o OTpaboTaHHOCThb HeNMHEMHOTO MOeIMpOBaHHsA pH WpoOeKTHPOBaHHH MOLMIHbIX 
YCHJIMTEIbHBIX KacKkawoB WM KpaiiHe y3KylO HOMeHKIAaTypy cCepHitHbIx MOUIHbIX CBU 
TpaH3HcTopoB, oObecneqMBaIOlHxX OCTAaTOYHO BbICOKOe yCHJIeHHe B CaHTHMeTPOBOM 
ymana30He, KpoMe Toro, Ha YacToTax Bbie 8 - 10 [ry Taxne TpaH3ucTopbl MpakTHdeckH 
OTCYTCTByI0oT. Bmecte c TeM, Ha NpoTMKeHHH yxKe MHOTHX JleT , Up pa3spaboTKe Wenoro paya 
MHOLOyHKIMOHAbHbIX MOstyeli BO3HHKaeT ocTpad WoOTpeOHOCTb MpHMeHeHHA 
IIMpOKONOIOCHBIX ycHIMTenel C TOBbILICHHbIM YPOBHEM BbIXOAHOW MOIIHOCTH B I1aHapHOM 
KOpmiyce C MMKPOMOJIOCKOBbIMH BXOJIOM H BbIXOJOM. 


OCOBEHHOCTH HMPOEKTHPOBAHMA 


CrpykKTypHo Moy Bcex 3-X IMTep BbINOIIHeHbI MO CMMHOM CxeMe, MpescTaBIeHHou Ha 
puc.l, “ mpescrapmaoT coOol WByxKacKayHble yCHIIMTeNM C ABYMA YCHIIMTeIbHbIMH AYeMKaMH 
B HlepBoM - OalaHcHOM KacKayle (ucnoub3yloTca MOcTbI JJaHre) MH YeTbIPbMaA T4eHKAMM BO 
BIOpOM (Be Mapbi OaslaHcHbIxX KacKaJjOB, IpOCyYMMMpOBaHHble KOJbICBbIM CYMaTOPOM). 
Monyim pa3imgarotca THMaMM YCWIIMTeIbHbIX #4eeK HW pa3MepaMH TOMOIOTH4eCKHX 
9JIEMCHTOB. B xKauecrBe aKTHBHBIX 3)ICMeHTOB B AManma3oHax 2-4 IITn uw 48 Ty 
HCHONb30BaHbI THOpHAHO-WHTerpaubHble yCHIMTenbHbIe TAIcHKH Ha TpaH3HcTopax oOpaTHoro 
MOHTaxKa Tuna 3116035-5 u 3I1606B-5, coorpetcrBeHHo, B yculmrese Auana3ona 8-12 ITy 
HCHOUb3YIOTCH MOHOJIMTHbIc WHTerpasibHble cxembl M421191, paspaboTaHHbie B pamKkax 
paccMaTpHBaeMoH padvorTt. | 

[ipH mpoekTupoBaHHH 4eeK MCHONb30BAaJICA Maker JIMHeMHOLO HW HeIMHeEHHOLO aHasM3a 
SUPER COMPACT - MICROWAVE HARMONICA. Henmnefinpie Moyen TpaH3HcTOpoB 
pa3pa6aTbipalch B COOTBeETCTBMH C MeToqMKOM, w3o%KeHHOH B [I]. PaccueT ycumHMTesbHbIX 
q4ecK NPOBOAMICH B NopsyKe, 43102%eHHOM B [2]. Jia peamm3allMH MHHHMasIbHOM HepaBHOMep- 
HOCTH KospPulMeHTa ycHIeHHA Oplia McIONb30BaHa 2-X KOHTypHad BXOWHad cormacyrlowjad 
l€llb C JMCCHMaTHBHbIM 9JIeEMeHTOM . BbIxXom—Had corilacyloulad Web crpyKTyppr PHY 
pacdMTbiBalach WCXOM M3 KOMIIPOMMCcCa: MaKCHMasIbHad BbIXO{HaA MOLJHOCTb IIpv 
COXpaHeHHH IIpHeMieMoi HepaBHOMepHOCTH UM ypoBHa KoopduuMenta ycutenua. bpiio 
TIPOMeCMOHCTpUpOBaHO XOpoOlliee COOTBETCTBHE pe3yNIbTAaTOB pacdeTOB HM 9KCIICPHMCHTOB. 
Hanpumep, B napTau 13 30 mT. meek Quana30na 2-4 TT y pa3sOpoc mo KosppuuMeHTy ycuiteHua 
cocrapun 2 ab, AUX nocTpoeHHad NO ycpeHeHHbIM aHHbIM 9KCIICpHMeHTa COOTBETCTByeT 
dbopMe pacaetHoii AUX, xoTa cpemunit ypoperb ycunenna Ha 0,3- 0,9 4b Hue pacretHoro. /his 
9TOH 2Ke MapTHH wyeeK pa3z6poc MO YpOBHIO BbIXOAHOW MOLIHOCTH cocTaBY mpHMepHo | Ab, 
YCPpeWHeHHbie 93KCIeCpHMcHTaibHble ZaHHble pakKTH4ecKH COBMaqaloT C pacdeTOM B TOMOCE 


1 12 . Marepuaant 6-4 Mexaynapoanont Agemcnoh *Auxponoasnonolt Aonhepennnn Agarake G6. 16-19 centa6pa 1996 r., Cesacronoan, Kpoim, Yepanna 
Proceedings of 6th International Zranean PAecrowave (onference (Cre/H42e'96. 16-19 September 1996, Sevastopol, Crimea, Ukraine 

















yactoT 2,5-4,0 [fu, Ha wacrore 2,0 [Tn cpeanee sxchepumMeHtambHoe 3HaueHHe Bbile pacueta 
Ha 0,7 mb. 

MoHOuMTHO-HHTerpatbHaa cxema M421191 Opa paspa6oTana copmectuo c THIITI 
"Hictox-4" r.Pps3uHo wu oGecrieqMBaeT BO BCeli paboueii Homoce YacToT KoIpOuIMeHT ycHIEHHA 
He MeHee 6.5 1b WH BbIXOMHYIO MOLMHOCTb pH Komnpecuuu | wb 250 - 300 MBr. Tpe6yempiit 
pe3ybTaT ObIN NOy4YeH Co BTOpoi TexHoorMaeckol UTepanuH. OcobeHHOCTH 9TOrO MpoeKTa 
NOZpPOOHO M310 Ke! B [3]. 


KOHCTPYKTMBHO-TEXHOJIOTMYECKASA PEAJIM3AUVA 





YcuIMTeHM BCeX TpexX JIMTep BbITIONHeHbI B OAMHAKOBOM TlaHapHoM MeTaJUMMu4eckom 
Kopmyce c raQaputamwH 50x42x5 MM c MMKpONOOCKOBbIMH BbIBORaMM. BuemHui Buy 
YCHIMTeIA WpHBeweH Ha puc.2. I[pm ycraHopke B alillapaTypy yculurTemm 3aKpeniatotca 8 
BHHTaMH. LU WHbI nuTanua cKBo3HbIe. Ha Bxoye MpeycMOTpeH JMCKpeTHbIt aTreHoaTop. 

B TexHoorMueckom Mporecce COOpKH YCHIIMTeA MOKHO BbIEIMTh TPH OCHOBHbIe CTaquH: 

|) mpHcoeqMHenne BbIBOAOB K KpHicTasiry TpaH3ucropa (Ia aTep Fwanazonos 2-4 Tru u 
4-8 [T 1) 

2) cCOopKa YCHIMTENbHbIX TIEeK; 

3) cbopka Koprlyca HW YCHIIMTEeNA B ITeJIOM. 

BueliHHit BU ycHIMTeNbHO adelikn mpHBeneH Ha puc.3. pucoemmuenne ucTroKoRoit 60 MKM 
30N0TOH Oamku (3), 3arTBopHoro u cToKoBoro 10 MKM 300TbIX BbIBOZOB (2) K KpucTramy 
TpaH3HcTopa (4) Mpow3sBoMMTcaA TepMOKOMIIpeccHOHHoO cBapkoi . OcHoBpaHue ycunnTenbHoit 
AWCHKH Me]HOe C CepeOpsHbIM NoKpbiTvem. [lonmkoposas miata npHkKenBaetca KuIeem 94'9-C, 
Ha sToT %*e kyle ycTaHaBMMBaetca KOHeHCaTop Tula K26-4. Ycranosxa coOpanHoro 
KpHcTaliia Npov“3poyurca Ha upwmow WiCpOC 3-58 meroqomM nepesepHyToro MOHTaxKa. 
OctalbHble COOpo4uHble OepalluH MpOBOAATCA MeTOAOM KOHTaKTHOK cBapKu . Tlocne c6opxu 
MpOBOAMTCH IIpOBepKa M HacTpolika AVECK C ACNOIb3OBAHHEM CBAPOUHbIX OMepallMii B 30HeE Bb). 

@MpesepoBaHHbl Kopllyc ycuMTenei (1 Ha puc.2) w3roTOBIeH 13 coaBa MJI-40 u 
uMeet cepeOpsHoe noKkpbimwe. Mrkpononockopble mepexombt (7) uw mnuate (4,5,6) 
HanavBaloTca Ha KoOptlyc c HOMOWbiIo Mputtoxr ITICpOC 3-58. BryrpaxopnycHoli MonTax 
(UMHbI NHTaHHst, HaBeCHbie 9IIeMeHTbI) OCYIIeCTBIAeTCA ITHM %Ke Tiputioem. Konyzencatoppl 
K26-4 ycTaHapmmpaiotcs Ha Kiel OYD-C. Bnanpanve syeexk (3) B Koptlyc mporn3BOuNTCA 
HeTKONMHAaBKHM Tpwnicem JlOWn-52. Pa3spapka MOCTOB, KOHJeHcaTOpoB H Mepemblgek 
MpOH3BOUMTCA KOHTAKTHOH cBapKow. Ilocue cOopKH KM HacTpowKH ycHIMTelb 3akieMuBaerca 
KpbHKOK (2) IpH NOMOLIM sTeKTpoNnpoBosAero snokcHAHOrO kites DTK. Jia yousmreneit 
mmatep 4-8 [rit uw 8-12 [Po mpumenserca gacTuunoe 3anoHeHHe KpbILIKH pawMONOrnoularoujaM 
MaTepHasioM . | 

ITpoBeleHHble UCIbITAHHA IIpOJeMOHCTpHpOBasIM MeXaHHYeckKyio MpOyHOCcTb paspaboTaHHol 
KOHCipyKWMM MW HajIm“uve KOHCIPyKTHBHO-TexHOJOIMgeCKHX 3anacoB. Macca ycuimtTelia He 
Oosee 35 r. 


OCHOBHDBIE MWAPAMETPbI 
YcHIMTeIM MMEOT Cilestytoule OCHOBHbIe hapaMerTpyl: 


THI] Jtvana3on BprxogHad Moumoctb Ycunenwe KIT Toxno Toxno 

qWacToT “+8 B” “-5 B” 
A212 -2-4TTn = =>1.6 Br(Psx=150mMBr) 13-18 mb 12-14% I15A -0.06A 
A212-01 4-8 01g >1.2 Br(Ppx=250MBr) 9-14a5 10-12% 1.2A -0.06 A 
A212-02 8-121TTy >0.65 Br(Ppx=200MBT) 8 -13qB 10-12% 10A -O.12A 


HepaBHomepHoctb KospulMenta ycuNeHHA B oMOce pabounx YacToT He Sosee 2 Wb, a 
KOSPUMUMEHT CTOAYEH BOJHbI BXOa WM BbIXOJIa MeHee 2 Ja BCex WMTep. HanpsxKenna nMTAaHHA 
mia Tunop A212 wu A212-01 - -5/+8 B, gaa Tuna A212-02 - -5/+6 B, Hapamerppi 
oGecieqHBaloTca B pabouem AHala3z0He Temmepatyp (oT - 60 no +70 rpamycos). Ha puc.4 
ipHBeseHbl 3aBuicumMoct4 AUX ycnuaMTeneli WM UX BbIXOTHaA MOMHOCTb B 3aBMCHMOCTH OT 
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TeMlepatTypbl OcHOBaHHA MeTanwMueckoro kopmyca. THnosoli TemmepaTypHbiit apelid 
ycunenua 0.019-0.021 ab/rpanyc aa Tonos A212 uw A212-01 w 0.03 ab/rpanyc ana A212-02, ato 
OOLACHACTCA YBEIMICHHLIM TEMMIOBbIM COMPOTHBIICHHeM TWocagKH aKTRBHBIX cTpykTyp MHC B 
Moye 3TOTO Tuna. THnoBoK TemnepaTypHblt wpelid) BbIXOHOM MOLIHOCTH CocTapnaer 0.006 
mb/rpanye ana Tuna A212 wu 0.013 ab/rpanyc aaa Tunos A212-01 4 A212-02. Yaennuennpit No 
CPaBHeHHIO C OKHWAACMbIM TeMMepaTypHbIN Apelid BHIXOZHOM MOIWHOCTH AIA Tana A212-01 
BbI3BaH OCOOCHHOCTAMM POKHMAa BXOJHOrO Kackasia. 

IlpopeyqenHas olleHKa HakexHOCTH pa3spaboTanHbix UpHOoposB No3BouMIAa yCTAaHOBHTb 
MHHMMabHyio HapadoTKy, paBHol 10 000 4aacoB (BemyTca HaTypHbie ucnMbiTanuA), a cpoK 
coxpaHsemocTH 12 ser. 


OUEHKA NOJTYYEHHBIX PE3SYJIBTATOB 


Hecmortpa HO To , 4TO 3anaqHble @UpMb!I, B OCHOBHOM CILIA, tmpoKxo pekilamupylorT 
TPOMbIMUICHHbIe WIHPOKOMONOCHbIe€ YCHIIMTeIM + paccMaTpHBaemMoro jMara30Ha C BbIXOTHbIMH 
MolHocTamMu Oonee | Br, wagunaa c 1989-1990 ronoB fo HacToauero BpeMeHHM TIO pay 
TIpH4YHH He IPOW30IIIO CYyIecrBeHHOrO W3MeHeCHHA WX XapakTepuctTuK. HemoTps Ha 
YMMelouiveca COOGMIEHHA 0 CepHitHbIX IpHOopax c BLIXODHOK MoOHOcTHIO 1-20 Br B AMatiazsoHe 
2-4 TTu (cepna GLWA 2040 dupmer MICROWAVE POWER DFVICE, Inc., 1991 vr.) wc 
KIT 20% B nonoce 7-11 Tay (RESEARCH CENTER, 1991 r.), 10 Br B quama3onax 2-4; 4-8 
u5 Br B gmana3zone 8-18 [Tn (Pupma CERNEX, Inc. 1996 r.), Takme ycunmTenH He ABIIAIOTCA 
WIMpoKopachipocTpaHeHHbIMH, XOTA WM peasiM3yeMbl WIA OTACIbHbIX MmpuMeHeHHH. Takum 
o6pa30mM Tlowy4eHHbIe Macco-rabapuTHbie M 3]ieKTpH4eckHe XapakTepHCIHKH B  e]IOM 
COOTBETCTBYIOT CYIIECTBYIOINeEMY 3aNaHOMY YPOBHIO B 4acTH BbIXOMHbIX KacKayoB B TMOpHyHO 
HMHTerpawbHOM MCHONHCHHH. 


3AKJIIOYUERME 


YquTpiBad WIaeBHOe NOMOKeHHE OTEYECTBCHHOW 3ICMCHTHOH 6a3bl M MApOBble TeHACHIIMH 
(B HacToatiiee BpeMA WpakTH4ecKH He HCHONb3yYIOTCA Tpavy3HcTopbl oOpaTHOrO MOHTaxKa ), B 
paMkax paccMaTpuBaemon paooTs! B CHIT "Ucrox-4" Oba moctapileHa K BbITIONHeHa elle 
OHA  OMbITHO-KOHCTpyKTopcKasd padotTa, koTopad 3akju0uaNach B pa3paboTKe 
KOHCTPYKTOpcKOH AOKYMCHTAauMH, H3POBJICHUM ONbITHOH MapTHu HW UCHbITABHAX TpaH3HCTOpoB 
IIp#MOro MOHTaxa - aHanoroB 311603-5b5 wu 3I1606-B5. Ha sTHx TpaH3ucropax Opimm 
pa3pa6oTaHbl "aibTepHaTHBHbIc" BapvaHTbl YCHIIMTebHbIX A4ecK WIA ycuIMTenen WuTep 2-4 
Try wv 4-8 Tri. | 
B xofe BbIIOHCHHOH paboOTh! pellicHb! OCHOBHbIe WpoOleMb! CO3qaHHa Ha BbILyCKAeMbIx 
B Poccun tpaH3HcTropax 1 MMC MoulHpix BbIXOMHbIX KacKawOB, B pe3yIbTaTe YerO MOKHO 
HajyleqTbcA Ha CKOpoe NOABHeEHMe WIMpOKOM HOMEHKIIaTypbl OTCYECTBCHHbIX LIMPOKOIOJIOCHbIX 
ycHIMTeneH cpetHei MoWHOcTH Kiracca 1-3 Br. 
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CrpyKrypHas cxema youmutene A212, A212-01, A212-02 





Puc. | 
Koxctpykuma ycunureneit A212, A212-01, A212-02 
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Puc.2 
KOxCTpykKiMa youIMTenBHEIX queeK Ma A212, A212-01 
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YCWIMTENb MOLHOCTH JIMAITA3OHA 4-8 ITH, 
C BLIXOXHOWM MOLTHOCTBIO 2.5 BT. 


A.A.Kumunckni, A.X.Hacbipos 
TocHHHPTH, 107066, 2.Mocxea, yn. Hoeaa bacmannaa,20, m.263-97-24 


AHHOTAIHWA 


Pa3spa0oTaHbl $ 9KCIICpHMecHTaIbHblc = oOpa3libl = rvOpHyHO-MHTerpasbHoro 
IMpOKONONOCHOrO YCHIIMTeIX MOILIHOCTH JMatia3oHa 4-8 TTu, odecneanparomne 
BBIXOJHYIO MOINHOCTb B pexkuMe HacbuyeHHa 2.5-3 Br. Kosddunmest ycunenusa 
YCHIMTeHA B JMHeEHHOM pexkuMe cocTaBliaeT 29-33 ab, yacroTHad HepaBHOMePHOCTh 
ycuyieHua He Oonee +-2 ab. BerxoqHadt MOLIHOCTh Ip KoMMpeccHH ycusleHua 1 ab 
cocraByser 2.0-2 SBT, nuTaHne - OT JBYXiouApHOro HcTOUHHKa +8 B/-5 B. 


BBETEHVE 


OcHOBHOH MpoOsIeMoi Np co3 {aH MOLIHbIX WIMpOKOMOIOCHBIX ycuuMTereH CBO 
WMala30Ha ABIIACTCA TPYHHOCTb peasiM3allHu cormacyloulMx Werle, oOecneuHBarollnx 
IIpHemsyieMoe ycHJIeHHe JIA TpaH3ucTopoB c OoIbINOM WHPMHOW 3aTBopa. DTo 
BbIHyKWaeT pa3spaboTunka oOrpaHHuHBaTb IIMpHHy 3aTBOpa HH  MOINHOCTB 
YCHIIMTEMbHOrO 9SJICEMCHTa M IIPHMCHATb MHOrOKaHasibHble CXe€Mbl CYMMMpoOBaHHA 
MOUHOCTH. B faHHolH paOoTe pellicHa 3afjaua Co3aHHA YCHIIMTeIA C OKTABHbIM 
N€peKpbITHeM TIO 4aCTOTe, B BbIXOJHOM KacKalle KOTOPOrO CYMMHPYIOTCA BOCeCMb 
YCHJIMNTEJIBHBIX AUCEK. 


CXEMA, KOHCTPYKUUA UW XAPAKTEPUCTUKY YCHJINUTEILA 


CrpyKkTypHad cxeMa pa3pa0oTaHHOrO MakeTa yCHJIMTela Noka3aHa Ha puc.]. 
YCHIIMTe]Ib COCTOMT M3 TpeX OaslaHCHbIX KacKaJlOB Ilpe{BapHTeIbHOTO yCHJIeHHA, 
TIPeBbIXOHOTO KaCcKajla C MciOJIb30BaHHeM 4eTbIPeXKaHaJIbHOH CXCEMbl CYMMHPOBaHHA 
CHHa3HbI AewMTewb-mMocr JlaHre WH BBIXOJHOrO KaCcKayla, B KOTOPOM CHH(pa3HbIM 
CYMMATOPOM = CKJIaIbIBAIOTCA =©60 MOLHOCTH—s ABYX = YT bIPeCXKaHAJIbHbIX JIMHeCK 
CYMMHpoBaHHa Ha Oa3e JeMTeA OeryuleH BONHI (1leloueuHOToO). 

KOHCTPpyKTHBHO MaKeT YCHIMTesId COCTOHT H3 KOpiiyca, B KOTOpbIM uepe3 
TEPMOKOMIIcCHCHpyrolve MpoOKkIaKH BIaXHbI TOHKOMICHOUHbIC MHKPOTIONOCKOBbIC 
WWaTbl C HewMTeiAMM WU CYMMaTOpaMH MOILIHOCTH, HW YCHJIMTebHbIX A4eECK, KOTOPbIe 
YCTaHaBJIMBaloTCA B YCHIIMNTEIIb (4 IPH HEOOXOAUMOCTH 3aMeHAIOTCA OTIEIbHO). OOmuyan 
HUACOIOrHA HW 9IIEMCHTLI KOHCTpyYKUAH YCHIMTEeIA HW AUeeK yxKe OOcy2xXTalMcb paHee [1]. 

A4evka IipekBapuTesbHOro ycustennusa | (cmM.puc.1) paspadboTaHa Ha TpaH3ncTope 
"Tlapag" (w3rotosutenb - PHI "Uctrox", r-Dps3uHo) c mMpHHol 3aTBOpa 550 MKM. 
Oua WMeeT MaOCHrHalibHoe ycusienHe 10 +- 0.7 AB UU BbIXO,HYHO MOLIHOCTb 
HacpieHHa 150-200 mMBr B gMama30He 4-8 IT. Tpan3ucrop B suelike paboraer B 
OOJIer4dcHHOM TeIMJICBOM pexKHMe MW MOHTHpyeTcah Ha BBICTYN MeTaJLUIMYeCKOro 
OCHOBaHHA B M1a3 laTbl METOOM lpvkyIeuBaHuad Ha Kew DUD-C. 

Auevika 2 TIPeCABLIXOAHbIX M BLIXOJHOTO KackajOB pa3paboTaHa Ha TpaH3vicTope 
Tana A74S5B-5 (u3rorosutenb - HAM “Tlymscap", r.Mocksa) c mmpnHol 3sarBopa 1400 
MKM. Ona MMeecT MaIOCHrHasbHOoe ycwieHve 6 +- 0.5 ab WM BbIXOAHYIO MOIIHOCTb 
HacbieHna 450-500 MBT B guana3oHe 4-8 Tu. Tpansucrop 8B sueiike MOHTHpyeTcs Ha 
BbICTYM MeTasUIM4ecKOrO OCHOBAHHA B 11a3e TW1aTbl METOOM TepeBepHyTOrO MOHTaxKa 
HaHKou depe3 3010TYO TIpokialKy TOMUMHONK 50 MkM. 
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T]peaqBbixoxHOH Kackall Ha ueTbIpex sueciikax Tula 2 wMeeT B Mosoce YacroT 4-8 
TT BbIXOZHYIO MOINHOCTh HacbinjeHus 1.3-1.5 Br, 4To ocTaTouHO TIA NOWHOM 
packa4ukKH BbIXONHOTO Kackayla. Cremyer OTMeTHTb, 4TO BbIXOMHOW cHHdpasHblii 
CYMMATOp IIpeBLIXOMHOTO Kackawa WM BXOUHOW cHHda3HbId JeMTeIb BbIXOAHOrO 
KacKalla ABJIAIOTCH, HO-CYINeCTBY, "JIMUIHHMH JieTayiimMv", BHOCAINMMM JONOJIHUTEIbHbIC 
HOTepH, OJHako TIpH oTpaboTKe ycHIIMTeNA MbI OMacaliMch pactba3sHpOBKH BbIXOJHBIX 
KaHayioB cyMMupoBaHua. IIpu orpadboTaHHOW TexHoNorMM cOopKH UW CTaOHUIbHbIX 
lapaMeTpax TpaH3sHcTopoB HeoOXOJIMMOCTD B ITHX BICMEHTAaX OTHaaert. 

MakeT ycunutens o6ecneuuBaerT B Tooce uacroT 4-8 [TW BbIxXOJHYy!0 MOUIHOCTE 
HacbileHHa or 2.5 go 3.5 Br. KooddunmesT ycusieHva ycHJIMTeiA B JIMHEMHOM 
pexume cocrapisaer 29-33 qb, wacroTHad HepaBHOMepHOCTb ycHJieHua He Oosiee +-2 
nb. BetxoaHai MOWHOCTb pu KomiIpeccuu ycusenua 1 wb cocraspysaer 2.0-2.5 Br. 
UacToTuble 3aBHCHMOCTH KoOIDuIMeHTa YCHJICHHA Np pa3JIM4HbIX YPOBHAX BXOAHOM 
MOIMIHOCTH YCHJIMTesA WpHBeeHbI Ha plic.2. HeoOxoqHMO OTMETHTb Malioe OTAMUME 
BLIXOAHbIX MOLWHOCTeH B pexuMaXx HacbiiieHuaA u 1 ob KOMMpeccuH, He CBOMCTBeEHHOe 
OObIYHO WIHPOKOMOOCHbIM MOLIHBIM YCHJIMTeIAM BOOOLIc, a NOCTpOcHHbIM Ha 
OTeUCCTBCHHbIX TpaH3vcTopax B OcoObeHHOcTH. B WaHHOM cilyyae 9TO OObACHAeTCA 
YHUKalbHO (Ii PoccuH) BbICOKOM JIMHeHHOCTbIO TepeqaTOUHOH XapakTepHcTHukH 
MCMOb3OBaHHOLO B A¥eHMKaXx Tuna 2 Tpan3sucTopa. IluTaHve ycuIMTeIA OCYLIIeECTBIAeTCHA 
OT ABYXNOApHOrO McTOouHHKa +8 B/-5 B. OGulaa noTpeOmaemMasd MOIMHOCTE 25-28 Br, 
KILI 10-12%. 


S3AKJIIOUBRHVE 


PeasIM30BaHHad CX€Ma WIMPOKONOJIOCHOTO BOCbMHKaHabHOrTO CyYMMHpoBaHns 
MOLIHOCTH HO3BOJINeCT PACCUHTHIBATh Ha TlouyaeHue B OMKalilee BpeMa B Mara30ne 4- 
8 TT 4 CMeKHBIX BLIXOJHOM MOUIHOCTH ychimTenen 40 4-5 BT, WIA 9TOrO B HacTosiee 
BpeMa’ pa3pabaTbIBaeTca HOBasd Oosee adekTHBHaA AUelKa C BbIXOZHOM MOLJHOCTbIO 
0.8 - 0.9 Bru ycunenuem 7-8 ab Ha TpaH3ucTope mpamMoro MoHTaxa. /lalbHeniee 
TIOBbILLCHHe BbIXOTHOW MOLIHOCTH CBA3AHO C COBeEpIICHCTBOBaHHeM TeXHOJIOrHH HU 
MaTepHasloB MOUIHbIX MOJIEBLIX TPpaH3HCTOPOB. 


JIUTEPATYPA 


1. A.A.Kenmuckuii, A.X.Hacprpos, E.A.Csucros. Lnpoxononocusie ru6pHqHo- 
MHTerpasbHble ycumtTem MouHocTH CBU Ha 6a3e yHH@MUMpOBaHHbIX YCHIIMTCIbHbIX 
sueek//Matepnambl 4 Kppimckoli kondepentun "CBU Texuuka UM CIYTHMKOBbIM Mplem", 
1994, crp.258-261. 


4-8 GHz POWER AMPLIFIER WITH 2.5 WATT OUTPUT POWER 


Kistchinsky A.A., Nasyrov A.H. 
SCRRI, 20 Novaya Basmannaya St., Moscow-107066, Russia 
tel. (095) 263-97-24 


Wideband 4-8 GHz GaAs FET hybrid power amplifier providing 2.5-3 W saturated output power has been designed and tested. The 
amplifier consists of six stages. Input stages are built on the base of the balance circuit and are based on the FET chips with 550 
um gate width. Travelling-wave dividing/combining circuit which combines the power of 8 miniature amplifying modules is applied in 
the output stage. Such modules are based on the crystals of 3M606B-5 transistors with the gate width of 1.4 mm. The amplifier 
provided 29-33 dB linear gain with + 2 dB maximum gain ripple. The output power with -1 dB gain compression is 1.5-2 W. The 
amplifier can be supplied by dual DC source of +8/-5 V with average DC power of 26-28 W. The temperature range is from -60°C to 
+60°C on the bottom surface. 
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YCHIMTEIb MOWHOCTH Jia PANHOPEIEMWHBIX CTAHLIAM C UACTOTHOH H 
AMILIATY JHO-®A3OBOM MOZYJIALMENK MATIA3ONA 7.9-8.7 PTH 


A.A.Kuumnucknit, A.X.Hacprpos, E.A.Ceuctos, b.B.Kppimos, FO.H.Tponnn 
TocHLHuUPTH, 107066, 2. Mocxea, yn.Hoeas Bacmannas, 20, m.263-97-24 


AHHOTAHMA 


Paspa6oTan rHOpHqHO-nHTerpabublii ycuMTenb MOUiHOcTH AMana3ona = 7.9-8.7 FTTH, 
o6ecneuMBalolMi BbIXOJHYIO MOINHOCTh B pexuMe HacbeHia gO 1.5 Br mpu NuTaHHH OT 
JBYXMOUAPHOTO HU3KOBONbTHOrO HcTOUHUKa +-6.3 B. YcumuTenb comepxKUT cxemy aBTOMaTH4eckOn 
PeryJIHPOBKH MOLIHOCTH, MO3BONAIOMYIO MODVIepKMBATb YPOBCHb BEIXOMHOM MOLIHOCTH 0.75+-0.15 Br 
Ip H3MeHeEHMM YpOBlia BXOWHOrO curHana OT 50 no 150 MKBT MW TeMnepaTyphl OCHOBaHHa Kopllyca OT 
-60 70 +70 rpanycos, pH 3TOM KOMMpeccua ycuenHa He Npepbiimaet -1 ob. YcuuMTenb MpeqHasHayeH 
DUA UMppOBbIX panMopeneiHEx cranyul c OQPSK mogynaynen. 


BBEJEHVE 


B Hactosujei paSote pemanacb 3aqaua co3qanua yHOOHOTO MH HayeKHOTO B SKCIINyaTaluu 
BEIXOLHOTO YCHIUTeNA Wid UMPOBbIX cTaHyM  pamMopenelinok caa3v, paOoraroulMx B WHamMa30He 8 
TT uy c yeTerpexyposHeBolt ammINTyqHO-a30B0K MOAyIAlMen CHrHAaNa. 


CXEMA, KOHCTPYKIIMA HW XAPAKTEPHCTHKH YCUJINTESTA 





CrpyktypHas cxema pa3paSoTaHHoro ycuiMTens mOKa3aHa Ha puc.|. YCHIMTeMb COCTOUT U3 6 
YCHJIHTENPHBIX KackayoB A2, A4-A8, ympaBusemoro aTreHioaTopa A3, CXEMBI (bOpMHPOBaHHA ONOPHOrO 
HanpsKenua Al0, ycunntena OOpaTHoit caasu All, nopropurena Al2. Ha Bxone u BbIxOAe yCuIMTeHA 
BKIOUCHLI (beppvtTosbie BenxTHIH Al nu A9. B ycunHTeMbHbIx Kackawax MCMOUb3OBaHbI KPHCTAILIpI 
APCCHHDLAIUIMEBbIX TlOJeBbIX TPpaH3HCTOPOB C INMpMHOK 3aTBopa (W) ot 300 mkm go 2700 mxkm, 
ppiyckaemble THI "Wcrox". Bxoquon kackan - ONMHOUHEIM Ha TpaH3ucTope c W=300 Mk, kKacKkayi 
A4- 6anancupiit Ha Takux Ke TpaH3vcropax. Kacxay AS5 - Gamancupilt Ha Tpan3ucTropax C W=550 MkM. 
Bce KacKawbi BXOXHOM NHMHeHKH yCHJINTeNa MOCTpOcHb! NO CxeMe ABTOCMEINCHHA HM MHTAaOTCA OT 
HanpsKenua +6.3 B. Tleppeii Kackay{ BbIXOAHON JIMHCHKM YCHIMTEIA A6 TakoKe HocTpoeH no GanancHon 
cxeme Ha TpaH3HcTopax ¢ W=550 MKM, HO C 3a3€MJICHHBIMM HCTOKaMH. IipenpprxogqHol Kackayn A7 
noctpoeH no GanaHcHoi cxeme Ha Tpan3ucTopax c W=1200 MKM & MeTAWIMSMpOBaHHbIMH OTBEpCTUAMH 
vcToKos. Ou umeer ManocurHanbHoe ycusenne 8.0-8.3 nb HW BbIXOTHYIO MOLJHOCTh HaCbiilCHHa 600-650 
mBr. Kacxanni A2-A6 o6ecneauparoT ycusienne 9-10 nb Ha kackay, C HepaBHOMEPHOCTbIO +-0.1...0.2 nb B 
nomoce yacror 7.9-8.7 [Tu u KCBH  pxoga u sprxoga 1.3-1.6. Bce Kackay{bl W3FOTaBIIMBaIOTCA M10 
rHOpHAHO-WHTerpanbHOH TeXHOMOrHH C NPHMeHeHHeM TOHKOIWICHOUHBIX MHKPOMOMOCKOBPIX WWTaT HS 
nommkopa TOWMHHON 0.5 MM H, kKpOMe TOTO, B Kackatax A2, A4, AS uw A8 - nat u3 nexocandupa 
TommuHo 0.25 mm. Kpucramipt TpaH3HCTOpOB MOHTHPYIOTCA HEMOCpeCTBCHHO Ha MeTAILIMYeCKOe 
OCHOBaHHe PaMKH Kackalla MpHKIeCMBARHEM TeMIONPOBOAALIMM KIICeM EPO-TEK. H20E. 

Burxonmpok Kackan A8, KOHCTpyKuMa KOTOpOorO NOKa3aHa Ha pHc.2., NocTpocH MO cxemMe 
CYMMHPOBaHHA MOLMIHOCTeH Tpex KPHCTaWIOB TpaH3HCTOPOB © W=2700 MKM HM COJ€pXKHT BCTPOCHHbIe 
HalipaBliecHHbI OTBCTBUTeb W JeTeEKTOP KOHTPOIMA BLIXONHOM MOLIHOCTH, Ppa3MeleHHble Ha BLIXOAHOH 
niare Kackaga. IIpa mpoextupospanun oOOujeh BbIXO_HOU cormacyroujei Welw Kackayla BOSHHKTa 
npoGsema, CBA3aHHAaA C TEM OOCTOATEHbCTBOM, UTO IIpH BO3OyKTCHHH OOLIeH HH3KOOMHOX JIMHHY TpeMa 
TPpaH3HCTOpaMU BO3HHKaeT pacta3svpoBka CYMMMPYeMbIX CHTHAIOB 3-34 3AMeCTHOH pa3HOCTH JWIMH OT 
TOYeK BKIOUeHHA Tpaw3HCTOpoB JO BbIxoma cormacyrome wenn. [lorepH MOM{HOCTH 43-38 TakOHW 
pacasupopKu coctasiam 1.5-2 ab. Mpoomema 6byia pewieHa BBETeHHeM B TOMOMOTWIO HA3KOOMHOM 
YACTH BhIXOMHOM LeMH CHMMeETPHU4HOTO POMOOBHAHOTO OKHA, MCKYCCTBCHHO YANMHHAPOMICTO MYTH TOKA 
OT cpeqHero TpaH3HcTOpa NO kpato OKHa K OOuIeH TOUKe BbIXOjla env (puc.2.). BrrxoqHad MOUIHOCTb 
HaCHILeHHA KaCKaya IPH 9TOM YBCUIMYMIaCh MPH MpOYHX PaBHBIX YCHOBHAX = C© 1.1-1.3 Br go 1.6-1.8 Br. 
TpaH3HcTOpbl BbIXOAHOFO Kackaya paOoTaioT B OG6NeTYeHHOM TEMMOBOM MW IIeKTPHYCCKOM POXKHMMAaX, 
KOIpPUUMeHT Harpy3KH M10 pacceMBacMOM MOHIHOCTH COCTABIACT 0.6, 10 HanpaxKeHUtO cToKa - 0.75, 4TO 
TOBbIMNAeT HaeKHOCTh npHOopa. KoopdunneuT nepesqayw KOHTPONbHOTO KaHaila COCTABIACT 0.8-1.2 
B/Br c 4uacroTHOl HepaBHoMepHoctTEDW 10-15%. | 

BxogHOl W BLIXOTHOM BCHTHIIN TIpewHa3HayeHbl Di o6ecneueHHA HAneKHOM Hu CTAOHMAbHOK paooTHl 
yCHIMTeNA Ha BLICOKOMOOPOTHEI Harpy3kH, HalpMMep y3KOMOMOCHBIC (punpTppl. BeixonHoe HanpsKeHNe 
weTeKTopa HCMONb3yeTCA DJA yupaBeHHA CKeEMOM aBTOMaTUuYeCcKOn perynupoBKH MoWHOCTH (APM), B 
KOTOpy!O KPOME Hero BXOAAT CXeMbI POPMHPOBAHHA ONOPHOTO HallpAKCHHA A10, ycunutenh oOpaTHor 
caa3u All u atrentoarop A3. ATreHioaTop MOCTpoeH MO YeTbIPeXHOHOW CXeMe = C:- Pa3 HCCCHHBIM 
TapasWIeNbHbIM BKIIOUCHHEM p-i-N-THOAOB B JIMHMIO, HpH4em Kpaiinve AMOI Harpy2XKeHbl Ha 50-OMHEIC 
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HMCHOUHBIC PesHcropb!, OOecheunBaloumMe Manble OTPaxkeHUA OT aTTeHIOaTOpa MIpH WOObIX BeNMYMHAX 
3aTyXaHHa. 

/\vana30uH 3atyxanuli arrentoatopa oT 1.0 nb go 30 ab, uacrotuas He€paBHOMepHOCTh kOsMDunHeHTAa 
nepeqau He mpeppuaer 0.4 1b mp s1OObIx 3aTyXaHHAX B 9TOM Marla30He, CYMMAapHBIli TOK ynpaBienua 
- HO 5 MA. CymMapHas HepaBHoMepHocrh Kooddbuyuenta ycunenua Bcero yCHJIMTeNA Kak TIpH 
HavayIbHOM JIMHeHHOM ycunenun 47-50 ob, Tak Hu BO BCeM AMaMa30HeE PeryNHpOBKM yCHeHuA He 
npeppimaet +- 1 gb, B moGom yuactke pa6ouero aMana3oua 7.9-8.4 ITy (nutepa 1) u 8.1-8.7 ITy 
(mutTepa 2) umpunoi 30 MI HepaBHomepHoctTh ycumeHna He npesbiuaer 0.2 nb. Manag yacrotuasr 
HepaBHOMEpHOCTL ObecnieueHa TeM, 4TO YCMAMTeMb pa3ONT KOHCTpyKTHBHO Ha apa SNEKTPHYECKH 
He3a4BUCHMMbIX FepMOOTCeKka (WITPHXOBad HHA Ha puc.1), COeAMHEHHbIX KOaKCHaJIbHbIM KaGerem, npHu 
STOM YCWNCHHe KaxHOW WHHeCHKH He MpeBbiuaet 28 nb. Xapaxrep u3menenua AUX ycounntena pu 
peryaMpoBKe yCHIIcHHA 10Ka3aH Ha puc.3. 

Ilpv MayioM ypoBHe BXOAHOO CHIHasa HalipsKeHHe AeTeKTOpa MCHbILNe ONOPHOTO HalpsKeHUA, 
dopmupyemoro cxemoi A1l0, nanpmKeHHve Ha BbIXOTE ycunutena Ail orTpnuaTenbHo, HOZBI 
aTrenioaTopa A3 3anepTbl, OOecneynBad MaKCHMaJIbHOe ycuNeHve ycumurtens. IIpu aocruxenun 
CHrHaNOM AeTeKTOpa OMOPHOrO ypoBHA ycunuTetb All dopmupyer ynpapnaromui TOK aTTeHtOaTOpa, 
3aMbikad Wenb APM v4 nomepxXuBasd 3a7aHHbIit ONOPHEIM HalpsxKeHHEM YPOBeHb BbIXOQHOM MOWHOCTH 
ycunmrena. Jit craOvnw3anMH ONOpHOTO HalpwmKeHHA TPH HW3MeHeHMM MUMTAIOLINX YCHIIMTCIIb 
HanpaKeHHH WH YaCTHYHOH TepMOKOMMcHCaljMH TeMMepaTypHbIX W3MeHeHHit Koobouynwenra 
nepewadH KONTPONbHOTO KaHamla B CxeMe PopmMHpoBanna Al0 MpHMeHeH HHTerpanbHbElit TOKOBbIT 
AaTuuk Temilepatyppr tuna AD590 dupmer "Analog Devices". Cxema APM  o6Gecreunpaer 
TeMMepaTypHy!0 CTAOWbHOCT BLIXOAHOM MOLIHOCTH B WHaNa3zo0He Temnepatyp Kopriyca oT -60 no +70 
rpanycos B ipeyenax +- 5...8%, Cra6wibHocTb BbIXOAHOI MONIHOCTH B AMana3oHe paGounx 4acrTot +- 
5...10%, B WMHAaMMYeCKOM JMana30He BXOWHEIX CHrHanoB +- 1...2%. O6maa craGunbHocTD nowWepxXaHusa 
YPOBHA BbIXOHHOH MOLIHOCTH B WHalia3OHe 4aCTOT, BXOZHEIX MOWHOcTeH or 50 no 150 mxBr u 
Temnepatyp cocrapisaerT +- 0.5...0.8 4b. HomMMvanbHad BLIXOMHAaA MOUIHOCTh ycnmuTensa cocrapyser 0.8 
Bi, Ip 9TOM KOMMpeccusa ycuieHna He mpespiuaer | 4b, a ypoBeHb KOMOMHANMORHBIX COCTABIAIOUINX 
Np ABYXCMrHabHOK paOore (Ha Bxoge 0Ba paBHOaMNIMTyQHbIX CurHana no 100 MKB) Menee -19...- 
21 ob. 

Ja O6ecneyveHua BO3MOXKHOCTH FHOKOrO HCNONb3OBaHUA YCHIMTeCNA B CTAHWHAX C pasuMdHbIMH 
BHaMM MOAYIAHH, B TOM YHCIe YaCTOTHOH, B YCHIMTeNe NpenyCMOTpeH BXO BHELIHeH perynHpOBKH 
BbIXOMHOH MOIIHOCTH HalpsxKeHHem oT -5 fo +5 B. TunoBas 3aBMCMMOCTb BHIXONHOM MOLMHOCTH 
YPOBHA KOMOMHaUMOHHBIX COCTABIIAIOLIAX IPH ABYXCHrHaNbHO paGoTe npuBeseHbI Ha puc.4. Buemsum 
HaNPWKCHHEM BEIXOXHaA MOINHOCTh MOKeT cCHWKAaTbCA QO 300-350 MBT, mpn 9TOM HNCKaxKeHusa 
yMeHbiuaioTca FO = -30...32 abe, nu60 ysenuunBaTEca kak MHHMMYM FO 1.2 Br, npu 3TOM ycnmuTenb 
BXOJMT B PeKHM OM3KHH K HACDILNCHHIO H HCKaKeHHA BO3pacTaioT YcuaHTenb BbINONHeH B 
TePpMCTHIHOM MCTaUIHYeCKOM KOpityce C KOaKCHaJIbHbIMH BBOZAaMM CBU curnana (rpaxt 3.5/1.52 mm), 
TEMNOOTBOR OT HWXKHEH mwOcKOCcTH Kopnyca. Hanpsxenua nuranna +- 6.3 B, roku noTpe6nenua 
+1.4 A nu -0.1 A, cootsetcrsenHo. Ta6apurpi ycunutena 125 x 105 x 23 mM. 


3AKJIIOYEHVME 


PaspaOoTaHHbIi ycuuTenb OOaqaeT BLICOKHMM SeKTpH4eCKHMH XapaKTepHCTHKaMH, yOGeH B 
MCNOMb3OBaHUM HW MOKECT HAaHTH NPWMMeHeHHe B pa3siH4HOH cBa3HOH annapatype yuana3ona 8 ITu. 


7.9-8.7 GHz POWER AMPLIFIER FOR RADIOLINK STATIONS 
WITH FREQUENCY AND QPSK MODULATION 


Kistchinsky A.A., Nasyrov A.H., Svistov E.A., Krylov B.V., Pronin Y.N. 
SCRRI, 20 Novaya Basmannaya St., Moscow-107066, Russia 
fel. (095) 263-97-24 


A 7.8-8.7 GHz hybrid power amplifier with 1.2-1.5 W saturarted output power and + 6.3V voltage sources has been designed and 
tested. The amplifier consists of six stages based on GaAs FET chips with a gate width from 300 um to 2700 um, and it was 
produced by “Istok” Company. The output stage employs 3 FETs with an in-phase power combiner and a built-in rectifier for output 
level measuring. The amplifier employs an authomatic control circuit for stabilization of output power level in limits of 0.75 + 0.15 W. 
This value is guaranteed for input power interval from 50 yw W to 150 uW and for temperature interval from -60°C to +70°C. The gain 
compression is provided below -1 dB. The stabilized output power level may be controlled by external DC voltage. It varies from 0.4 
W to 1.2 W and more up to the switch-off of an authomatic control circuit. The electrical and exploitation characteristics of the 
amplifier have been discussed. 
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TPAHCUMNEXAHCHBIN YCHJIMTEJIL 


CAL Kyxos, A.T.Ko3nos, B.W.Xurexo 


Muucxuu HHH paduomamepuanoe, Kuaceesamoea, 86, 2. Munck, benapyco 


AHHOTaHA 


Hpejctapnenbi pe3ysibTaTh! NpoeKTHpoBaHua MW VB3roTOBIeHHA apceHW-rasIMeBoro 
MOHOJIMTHOPO ITHpOKOMOOCHOYO yCuIHTena. YcHIMTeIb ONTHMU3KpOBaH Ha MHHMMalb- 
HB KOMP PwUMeHT WyMa U MOxeT ObITh UCHONb3OBaH KaK TpexycwINTeNb B ONTW4eCKUX 


MpHeMHHKax Cc NONOCOK padounx yactor yo 2 Tu. 


I. Brejenne 

ApceHuy-raseBad TeXHONOTHA — Oa H3 HaNGosee XOPOLIO OCBOEHHBIX TeEXHOSIO- 
ri MpOH3BOCTBa MOHONMTHEIX CBYU-cxem. B muteparype yoctaTouHo WIMpOKo TpeycTas- 
JICHbI PesyIbTaThI UCCHIETOBAHMK HW MpOW3BOACTBA AaPCEHH-rasWIMeBbIX MOHOJIMTHbIX CXeM C 
voWoOcoh nponycKkanua oT 1 [Tu no 20 TT xu. 

B quatazone yactor yo | TT u, kak npaByno, ucnomp3yerca KpeMHMeBad TeXHONOrUS. 
OvHaKO, B pane MpakTHyeckHX NpHMeHeHHM apceHuy Tamua aBnaerca Gonee npeourn- 
TCADHBIM MaTepHasIOM, 4M KPCMHHH, HallpHMep, MPH BbICOKMX TeMMepatypax HM B yCOBHAX 
payMauMOHHElx BO3STCHCTBHH. 

Nepsoli nyOnmKanedi C M302%KCHHEM KOHICHWHH MpoeKTupoBanua ycusuTesen wa 
GaAs c HellocpelcTBeHHOH CBT3bI0, BeposxTHO, aBeTCA pabora R.L. Tuyl [1]. 43 nocze- 
Aylomgax paoOoT HanOoNbuINi uNTepec TipeycraBsiaer CxeMOTeXHHMecKoe mocTpoeHue ycu- 
MMTeseh C HeMocpexCTBeHHON cBa3bIO, HpezTOxweHHOe Mauri u ap. [2]. Vonautens umeer 
KOMOWHAIMIO HHBEPTHPYIOWWMX WH HEMHBEPTHPYIOUIHX Kackazon. Otpunarenbuaa oOpatHas 
CBA3b HW NONOOKHTCIbHAA CBA3h «BIepe >» MOSBOMAeT OOECHCUNTS CTAGHABHOCTS YCHINTEIA 1 


LIMpOKyto NoNocy NporycKaHns. 


OcHOBHOW mpoOnemoli npw mpoexrupoBannu IIMPpOKONOIOCHOrO YCHJIMTeJIA C HeNO- 
CPeACTBCHHOK CBA3bIO ABIIAeETCA TpoOmeMa OOecneyeHUA CTAGHIBHOCTH NapaMeTpoB ycnuiH- 
TEA WO MOCTOAHHOMY H WepeMeHHOMy ToKy. B ycumrTenax ¢ BLICOKHM BXOHbIM HMMeraH- 
COM 9Ta MpoOsleMa ABIIAeTCH MepBooyepe HOH. 
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IIpu mpoexruposanuu Oba vc- 
TIOMb30BaHbI CXCMOTeXHHMYeCKHE pe- 
WeHHA, WpeaqtoweHHbIe B padoTe [2]. 
Ha pue. 1 mpeycrapena mpnainnn- 
QIbHat 3IeKTpw4eckad CxXeMa YCHJIN- 
resin. BxoqHOW Kackayl BLITIOJIHeH Ha 
MESFET tpax3ucropax (VT1, VT2) 
moO CxeMe C OOIIMM MCTOKOM H akTHB- 
Hou Harpy3KoH. Bropoit kacxay (VT6, 
VT7) BpImoHeH TO cxeme Cc OOINHM 
3ATBOPOM MW Take MMeeT akTHBHY!O 


Harpy3Ky. [leppad oTpuuatembHas 00- 





Pucl. Iipuninnnanbiasd oeKTpHyecKad CXEMA. 


parHast cB13b (BbIXxOn, R6, VT1) o6ecneunBaeT HEOOXOAMMbIN BXOAHOM MMMeTaHc WM yCue- 


Hue Ho TOKy. Bropas orpuuatenbHas OOpaTHas cBx3b (BbIXog, VT3) craOunM3upyeT ycuuIH- 


Tellb HO NOCTOAHHOMY TOKy H OGecreuMBaeT HEOOXOAUMOe ycusieHHve TO HanpwHxKeHMIO. OO- 


paTHas cBa3b «BHepem» (Bxou, VI'7) KoppekTupyeT DepelaTouny!o xapakTepHCTHKy B 00- 
WacTH BLICOKMX YactrorT. Dement RI, R3, R4, RS uv CK ncnomb3yioTcs TakoKe [IA ITOK Lie- 


nu. Jina pacuera cxembr Obi MCMOsb30BaH MakeT NporpamM MoyesmMpoBpanua CB4-cxem. 


\ 


Ii. Wsroropsaenne 


MononutTunlt ycurutest ObLT U3rOTOBJICH Ha OCHOBE CTaHapTHOrO TEXHONOrMYeCKO- 


ro mpouecca. McxoyHeIM MaTepHasioM cay KHIM NomyH3omMpyloume momroxKH GaAs c Oy- 





of 
(bepHbIM cJIOeM, N,N - cHOAMH. Boe Metamuin- 


geckve WM JMaNeKTpHYecKve CJIOH BbINOTHA- 
MCh C MOMONIbIO OOpatHok suTorpadun. Jhis1 
CO3aHHA 3aTBOPa HCHOb30BaIach CHCTeMa 
Metannu3anuuH Y/Ti u oOpatHad JMrorpapua. 
rol MetTam3annei cibopmMupopaHb! pa3- 
BONKa WM HWKHAT OOKIAKa KOH]JCHCaTOpOB. 


JInmHa 3aTBopa cocTaByiasa 0.5 MKM, a pac- 


CTOAMHHe CTOK-HCTOK — 2.5 MKM. 








Crok & HcTOK (bOpMMpoBasIMch BIKMTA- 


Puc.2. Kpucrasn ycousmrems. 


HuemM cucrembpl Metanios Au-Ge u Ni. [ns 
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KOHTAKTHDIX TUIOWMATOK, BOSAYIIHBIX MOCTOB, BEPXHHX OOKaOK KOHNeCHCaTOpOB UM MeTaII- 
WH3a4M CKBOSHBIX OTBEPCTHH HCHONb3OBaIIaCh cucrema MetastoB Ti/Au/Ti. Ha puc. 2 


HipeACcTaBsyen KpucTa ycuiutTesa. Pasmep kpuctania 1.2x1.4 mM. 


IV. Ucnonnenne 


Kpxctal pasBapen Ha MUKpOTOsOCKOBYytO TWlaTy 43 WoMMKOpa, KOTOpoas pa3MelleHa 
Ha THTAHOBOM OCHOBAaHMH (puc. 3). Ha puc. 4 noka3anbl H3MepeHHbie S-napaMmeTpsr ycwiH- 
Tend. YouIUTeNb obectewuBaeT ycuenve 25 nb uv uMeet nonocy nponyckauna of 0.1 [Ty 


no 2.0 TT no yposuto 3 ab. Ycunurenb norpe6sser ToK 35 MA oT wCTOUHKa HMTaHHsA 


+5 B 4 25 MA oT ucTouHHKa — 5 B. 











1 | 0 gee eee ee eee ee, ea |. 
LOMHz 100MHz 1.0GHz 10GHz 


Puc. 3. YensmtTenb. Puc. 4. S-mapamerppi ycusiutems. 


V. 3akmouenne 


Ilo MHeHHIO aBTOPOB pe3yIbTaTbI VTOM paOOTb! NO3BONAT PacLIMpHTb BO3MO*KHOCTH 


pa3pa6orankos CBU-ycrpolicts. 


VI. Cncok anreparyphi | 
1.D.P.Hornbuckle, R.L. Tuyl — «Monolitic GaAs Direct Coupled Amplifiers» IEEE 
Trans. On Electron Devices, pp. 175-182, Feb,1981. 
2. A. Mauri, F.M.Bastida, P.A. Chiappa, M. Feudale — «Very High Performance 
D.C.Coupled MMIC FET Amplifiers». Proc. 20 European Microwave Conf., Sept. 1990 Bu- 
dapest, pp 1761-1765. 
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THBPHIHO-MOHOJMTHBIE YCUINTEJIN CABRTHMMETPOBOTO H 


a rr la EY Sot A Rt ileal 


TEDMIMETPOBOLO IMATA3OHA JIA CHCTEM CBA3H. 


Kpyros A.B., Jyaunos K.B. 


AHHOTALMA 


IIpegcrapnena 6a30Bad KOHCTpyKUMA THOpHAHO-MOHOJIMTHOLO yCHIMTeIA Ha 
MONBCLUCHHOHM MOWJIOKKe. 

PaccMaTpuBaroTCa pa3sIMYHble CXEMbI MasIOCHTHAJIbHbIX THOpHAHO- 
MOHOJIMTHBIX YCUNIUTeICH: 

y3koromocupte - 5-10% 

wupoKkonomocugle - 100-200% 

YibTpaLuiupokononocuple - Gomee 200%, 
MOCTPOeHHbIe Ha OCHOBE G6a30BOH KOHCTPYKLMH MU CMHOW TEXHOJIOTUM U3POTOBIICHHA. 

IIpusogzatca CBU mapamerpb! pa3mM4nblx THOpUAHO-MOHOJIMTHBIX YCWIMTeNIeH 
muana3ona 0.1-20.0 Pix. 


BBEJIEHME. 


HauGonsee pacnpocrpaHeHHow KOHCTpyKUen MUKPOBONHOBBIX TBCPAOTCIbHBIX 
MpHOOpos ABIAeCTCA KOHCTPyYKUMA C MCHOUb3OBAHHEM HOCCHMMCTPHYHBIX 
MUKPOMNOJIOCKOBbIX JIMHUM Nepenaun (HMITJI). Dro oObacuseTca, B YACTHOCTH, 
HAIM4HeM LIMpOKOTO CreKTpa NPHKaWHbIX MporpaMM pacueTa TakHXx JIMHUH u 
COCpeOTOUCHHEIX 3IEMCHTOB Ha HX OCHOBE M METPOJIOPMYeCKON OCHACTKH, 
HeOOXONMMO Ayia H3MepeHua CBU mapamerpos yctrporicts Ha HMILI. 

OyHaKO, HECMOTPA Ha MHOXECTBO NPeHMYLCCTB, NPHCYLHM yCTpOWcTBaM Ha 
HMIIJI, um cBolicTBeHHbI MW HEKOTOPbIe HEOCTATKH: B YACTHOCTH, C KOHCTPyYKTHBHO- 
TEXHONOPMYeCKO TOUKU 3peHHA SoMbUTyIO MpOONemy MpeAcTaBIAeT BKIIOUCHHE 
LUIVHTMpYIOUUX IIEMCHTOB. ITO CBA3AHO C TEM, UTO 9KPaHHad MCTAIUIM3ZALA UH 
CHTHAJIbHbIM MOUOCOK HAXOAATCA Ha pa3HbIX CTOPOHAX THIICEKTPHYeCKON MOATOKKH. 

Jl1d BKIKOUCHHA LWYHTHPYIOLUHX 3SIEMCHTOB B 9TOM Cilyyae NpMMeHAIOT M00 
3a3eMJICHHe “epe3 Kpali, 1HG0 3a3eMJIeHHe Yepe3 MCTAJNIN3MPOBaHHble OTBCPCTHA. 

3a3eMiMeHve Yepe3 Kpali MODJIOXRKKM HMCCT KOHEYHYIO BENMUMHY WM HakWabIBaeT 
KOHCTPyKTHBHble OrpaHiuenua Ha TpoeKTHpoBaHne TONONOrHA CBY mpuOopa u 
3a4aCTYIO He NO3BOJIACT ONTHMU3HPOBATh TOMOMOLMIO COKHOW CXCMbI B pezeax 
OHHOM MOANOKKU. 

3a3eMIIeHHe Yepe3 MCTAINM3HPOBAHHble OTBEPCTHA MO3BONAIOT PaCcMOIOXKUTh 
3a3€MIIALOLIYIO TOUKY B TEOOOM YaCTH MOAMOKKU, OMHAKO TpeOytOT 3HAYMTEIIbHbIX 
TEXHOMIOFMYCCKHX 3aTpPaT U CHellMasIbHOroO OOOpyHOBaHHA”. 

B qaHHOol paOoTe paccmMoTpeHa KOHCTpykKUMA THOpHAHO-MOHOJIMTHOTO 
npHOopa, B KOTOPOM COBMelLeHbI npenmyuyjectBa HMITJI B uacru yno6ctBa CBY 
V3MepeHHii U 9IIEMCHTOB COracOBaHHA Ha “TOJBeCLICHHOM” MOAMOKKE, YTO NO3SBONACT 
PACHONOKUTh Ha OAHOK CTOPOHE CHTHaJIbHbIM MPOBOAHUK MW 9KPAHHY!O MeTAIIM3allHy. 


KOHCTPYKUYA TIPHBOPA. 


Koucrykyua rHOpusHO-MOHONMTHOrO Npu6opa npencrapsena Ha Ha pu. |. 

Koncrpykuua ipHOopa upencrapiaetT CO6OM MUKPOMOJIOCKOByHO pamky (2), 
9KPaHHad MeTAIWIUZalHA KOTOPOH MepexOJHT B IKPAHHY!O METAIIN3ALMIO 
KONNAaHapHon, WH60 KBa3MKOMMAHAapHOH JMNM, pacnOOX*KeHHOH Ha Candupowon 
moyTOxKKe (3). 

Coenunenue HMILI c curnanbybim momockom KIIJI, ocyujecraiserca 


*A.B.Kpyros u K.B. JIymunos paborator B PHIM “Merox”, 141120, Poccus, Mock. o6i.., 
r.Dps3HHo, yl. BoK3alBHad, JI. 2a 
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BO3HYMMHOH MepeMbI4uKOH, YIMTLIBACMOH MPU MPOeKTUPOBAHHH JEMeHTOB 
COrlacoBaHHa. 


Jina oOecneueHuaA He3aBHCHMOCTH 3aMeneHus B KITJI of sruanus 
MeTAILIH3allHH OCHOBaHHA (1) Mexay candbupoBok nmatroi (3) u Meranmmueckum 
OCHOBaHHeM HeOOXOMM BOSTYIWHbIT 3a30p, MMHMMasIbHad BEIMYHHAa KOTOpOrO 
ONpeweNACTCA THIICKTPHYCCKON MPOHNWATeNbHOCTbIO Math! (3). 

MoutTax akTHBHOrO mpu6opa OcyuiecTBIAeTCA HeEMOCpeCTBeEHHO B ruOpHaHO- 
MOHOJIMTHY!O nary (3), WpHueM B KayecTBe AKTHBHOTO MpHOopa MOryT 
MCIOJIb3OBaTbCA KAK TUCKPCTHbIe MOMYAPOBOAHHKOBLIe NpuOopsl (AHOTHI, 
TpaH3HcTophl), Tak MH CBY MOHONHTHbIC KOMMOHEHTHI. 


TEXHOJIOTUA W3POTOBJIEHUA TMBPUJIHO-MOHOJINTHOLM 
IIJIATBI. 


ba30Bblii TEXHOMOrMYeCKHH MapLIpyT H3rOTOBNeHUA TMHOpHAHO-MOHOIUMTHON 
WaTbl, WpeCTaBleH Ha puc.2. 

DwOpuaHO-MOHOIMTHAS WiaTa MpeycTaBiaeT COOOM H3ONMPYIOMyIO NOAIOXKKy 
M3 candupa, Ha KOTOPOH MeTOOM NOMyIpOBOAHUKOBOM TEXHONOLUN M3POTOBIICHbI BCE 
NacCCHBHBIl€ JICEMCHTHI: Pe3MCTOPbI, KOHACHCATOPbI, AHAYKTUMBHOCTH, JIMHMM Mepenayn, 
MOXKCOCTMHECHHA MW KOHTAKTHDbIC MIOWANKH WIA WPHCOCAMHeEHHA AKTHBHBIX NpHOopos. 

ba30Bbil TEXHONOMM4eCKU MaplUpyT MO3BOIAeET M3FOTABIMBATh Ha 
NOyWIOKKaX 76 MM MaCCHBHbIe SREMEHTHI CO CIIEMYIOINMMU YENbHbIMH 


XapakTepucTukaMn: 
pe3sucTopyt 10-500 O/0, 
KOH]CHCATOPbI 100-300 nd/mM, 
NpOBOJHHKH 0.04 O/. 


Jina OOecneyeHHA BLICOKOM CTaOMNbHOCTH NapaMeTPOB NacCMBHbIX 9ICMeCHTOB 
TIPHMCHHMMBI Cue yIOW Me MaTepuasbl: 


pe3HCTOpbI: Ta c maccuBaynen SiO, unu Ta.O, 

KOHAeHCaTOpEl: Al c MarHeTPOHHbIM JM9IeKTPHKOM SiO. u Ta.Os 
TONLUMHHOH ~ 0.3 MKM, 

NPOBOJIHUKH: Au TONLIHHOH 2-5 MKM. 


Paspeilaroliax cnocoOHocTb doTromuTorpapuyeckoro mpouecca cocraBisaer + 
2 MKM. 


CXEMOTEXHHKA YCVJIMTEJIBHbIX TIPMBOPOB HM JOCTULHYTBIE 
HAPAMETPHBI. 

ABTOpaMyH AOKaya Obit paspa6oran pA, MAOCHTHAsIbHbIX YCHIIMTENbHbIX 
nmpHOopos, OXBaTHIBaLOLHX WHpOKHit WuNa30H pa6ounx YaCTOT B eAHHOM 
KOHCTPyKTHBHOM MCIOJIHEHHH C pasMepamu 12 x 7,5 x 1,8 MM. 

[lapamerppl npuOopos, cxemoTexHMyecKkhe OTIMYIMA NpUBeTeHEI B TaOsmuue 1. 

buarofapa "pekpacubim MaccoraOapuTHbIM XapakKTepuCTUKaM HM BbICOKOMY 
yposuio CBY napamerpos ruOpuHO-MOHONMTHbIe NpHOOPhI WIMPOKO HCNOMb3yOTCA 
JIJIA TOCTPOCHHA CHCTEM CBA3H Hi Here 

J{uana30Hbl 
emcees 








WMaeKTpuka 
CxeMOTexHuKa 
AKTHBHBIe 
3JIEMCHTBEI 
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P.C. - peakTMBHOe COrmacoBaHne, 

O.C. - o6parHaa CBA3b, 

P.Y. - pacnpeseseHHbI YCHINTEI, 

TITUI - xpucranm nomeporo Ga As Tpan3ncropa c Gapbepom Llorrkn, 
M.C. - MoHOnMTHad Ga As cxema. 


3AKJIIOUEHHE 

PaccMOTpeHHble B WOKaze THOpHAHO-MCHOJIMTHSIC YCHIIMTCIIN, BbIMOJHCHHBIC 
B CMHHOM KOHCTPYKTHBHOM MCHOJIHeHHH Ha “MOABeLIeHHOK” MOAMOKKEe NO Oa30BOMy 
TEXHONOTHYCCKOMY MApUIpyTy, OXBATbIBAaIOT. LIMpOKU WHana3o0n paOounx yactoT 0,1- 
20 Tu, ormuuarotcs Manbimu ra6apuTamn HW MpOcTOTOM W3rOTOBIICHHA. 
IIpencrapnenHad KOHCTpYKUMA HaXODMT MpHMeHeHHe JIA peanM3alMu Pas M4Hblx 
CXCEMOTCXHMYECKHX PeLIICHHH UW MO3BOACT HCNOJIb3OBaTb B KAUCCTBC AKTMBHBIX 
9/ICMCHTOB KaK KPHCTAasIIbI IMCKPeTHBIX MOYMPOBOAHUKOBBIX MIpHOOPoOB, Tak H 
KPUMCTAJIIbI MOHOJIMTHBIX MHTEPPasIbHbIX CXEM. 

JIMTEPATYPA. 

1. Janunnuy B.H. u op. “Ananorosple NOMyMpOBOAHUKOBBIC CXEMBI CBN" M. 
Pano u cBa3b, 1985, crp. 38-47. 


HYBRID MONOLITHIC UHF- AND SHF-BAND AMPLIFIERS FOR 
COMMUNICATION SYSTEMS. 


Krutov A.V. 

SRPC “Istok”, Russia, Moscow region, Fryazino, Sportliving pr., buil.3, ap.18. 

Tel.: (095) 465-86-93, Fax: (095) 465-88-93. 

Dudinov K.V. 

SRPC “Istok”, Russia, Moscow region, Sanne Prospect myrah, buil.25, 

ap.18. 
Tel.: (095) 465-86-93, Fax: (095) 465-88-93. 
Abstract. 

The basic design of the hybrid monolithic amplifier on the suspended substrate 
is presented. 

There have been considered various circuits for the small - signal hybrid 
monolithic amplifiers, i.e.: | 

narrow band units: 5-10%, 

wide band units: 100-200% , 

ultrawide band units: above 200%. | 

They have been engineered using the basic design and a common 
manufacturing technology. 

The microwave parameters of various hybrid monolithic Scsitnes designed for 
0.1 to 20.0 GHz are given. 
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PucyHoxk 1. 


1. Meranmmueckoe OCHOBaHHE. 

2. MukponosocKoBasd pamka. 

3. Candupopas miata c KOMMaHapHbIMH 3IeEMeHTaMH. 
4. AKTHBHEIM mpuSop. : 

5. Bo3HyWHbI 3a30p. 









DOSY HI 


PPL LL 2 LL LLL 





WAASUSSSASSAN 





~ 


PucyHoK 2. 
TexHOOrMa W3rOTOBICHHA THOPHAHO-MOHOMMTHOU WaTBl. 
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DIOJIEBBIE Ga As HOHHOJETHMPOBAHHBIE TPAH3SHCTOPbI C LAPBEPOM 
WHOTTKVY CAHTUMETPOBOLO JMATIA30HA JUIA CHCTEM HABHTANMM 
Vi CBA3BH. 





Kpytos A.B., Murimmu B.A. 


AHHOTALMS 


Ilpencrapnena 6a30Baa KOHCTpykuMA Noweporo Ga As HOHHOMerupOBaHHOrO 
Tpau3vcropa c Gappepom LIorrkn, u3roToBeHHOro C MpHMeHeHHeM HOHHOU 
UMMIaHTalWu W ONTHYECKHM CYOMHKPOHHEIM T - OOpa3HbIM 3aTBOPOM. 

PaccMaTpHBaloTCca MaJIOLUyMALHe U MOLIHbIC TPaH3HCTOpHble CTpyKTYPbI, 
U3rOTOBIICHHbIC 10 Ga30BOMY TCXHOJIOPHYECKOMY MapllipyTy. 

Iipnpogatca CBU xapakTepucTuku Tpan3MCTOpOR C pa3siMyHON WIMpHHON 
3aTBopa oT 150 MxM yo 3000 MkM, OTIMYAaTOLIHeca BbICOKOM MOBTOPACMOCTHIO CBY. 
XapaKTepuCTUK. 

JIOCTUTHYTHIC Pe3yIbTATHI: 

KoopbuuvenT Wyma Ha yacrotre 4 TT y - 0.5-0.7 dB, 

KospuyMeHT ycusenua - 16 dB, 

BbIXOTHad MOLWIHOCTE - 0.5 Br/m, 

KITA > 60%. 


BBEJEHUE. 


Ha coBpeMeHHOM 3aTane pa3BuTHs TeJICKOMMYHHKAalMOHHOM TeEXHHKH BOSHUKIIA 
NOTpeOHOCTh B IICMeHTHOH 6a3e c BLICOKOM NOBTOpsemocTbIO CBY napameTpos 
aKTHBHBIX Ipu6opos. HanGomee pactipocrpaHeHHbIM aKTHBHbIM NpHOopoM, 
IIPpHTOAHIM Jia WOCTPOCHHA YCHIIMTENbHBIX H MpeoOpa3s0BaTeNbHbIX YCTPONCTB, 
ABMIACTCA TONeBOM TpaH3ucTop c Gappepom Lorrxnu (ITIL). 

Buicokas MOBTOpsemoctTb CBU napmerpos IITIL ocobenHo HeoOxoguma Ha 
9Tane cepviiHoro mpousBoycTBa CBU anlapatypbl, Tak Kak STO CYLeCTBCHHO CHUKAaCT 
TPYOCMKOCTb HAaCTpOC4uHBIX ONepalMi, KOTOpbIe 10 pa3HbIM OWeHKAM COCTABMAIOT OT 
30 no 50% oGie TpynqoemkoctTu w3roToBNeHuA CBU mpuoopa. | 

Kak W3BeCTHO, CyUJeCTBYIOT IBC OCHOBHEIX TexHouorMH w3roTOBNeHHA IIT: 
TEXHOJIOFMA, OMUParOllaica Ha MIPHMCHEHHE FOTOBLIX SMMTAKCHAIIbHBIX MWIACTHH C 
3apanee BLIPAUICHHbIMU AKTMBHBIMM CIOAMH M TEXHOJOTMA MpAMOM MHOHHOU 
UMINaHTaunl WpMMecu B WMoeKTpHueckyro nomIOxkKy [ | |. 

HecMortpa Ha TO, 4TO STIMTAKCHAIbHOe HapallMBaHHe COB NO3BOILACT 
NONYYHTh Gomee COBEPLICHHbIe C TOUKH 3PCHHA 3IEKTPOPU3UKHM AKTHBHBIC COM 3a CUCT 
BbICOKOM CTCMCHH YHCTOTHI Wpowecca HW MCMONb3OBAHHA CMeCWMaIbHbIxX CTpyKTyp Tuma 
HEMT, vounas UMOaNTalua MpHMeHAeTCA B KayecTBe Oa30BOTO Mpolecca TAaKHMH 
BexYUMMU KOpnopaluamu Kak Toshiba, Hughes, Texhas Instruments. Ilo sceri 
BCPOATHOCTH ITO OSYCHOBIEHO BbICOKON NPOW3BOAUTEMbHOCTLWO Mpoecca 
UMMMIaHTauMu, a TaKKe BLICOKOM BOCNpOH3BONMMOCTEYO nomyuaembix ITT. Kpome 
TOO, CNeWUMUaIbHbIe TEXHOJIOPM4eCKHe MPHeMbI MO3BOJIAIOT AOBECCTH NapaMeTpbi HOHHO- 
nerupopanHelx TITHE (MMMTUD go ypopua HEMT. 

Tak B [ 2] mpuBenenbi cpaBHuTebHbie NapamerTpbi HOHHONerMpoBaHHEIx [ITI 
u HEMT c oguuak opoii ZMHOL 3aTBOpa 0,4 MKM. Pa30poc MHHHMaNbHOrO 3Ha4eHuA 
KOS@PUUMeHTa WIYMa COCTAaBHII: 

mia HEMT~ - 0,7-1,4dB 

nua MUTITIU - 0,8-1,2 dB, 


1° A.B.Kpyros u B.A.Mutimu padoraror B THI “Wcrox”, 141120, Poccusa, Mock. OOIL., 
r.@ps3nHo, yn. Bok3anbuad, JI. 2a 
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IIPHYEM MPOWECHTHOS pachipenemeHHe MAHHMAJIbHOrO LyMa B HEMT 
NpHOMM3HTeIbHO paBHOMepHoe ~ 15% BO RCeM WHAIIa30HE pa30poca, a nia MUIITIL p 
nonyck 0,9-1,0 dB nonanaer Gomee 60% TPaH3HCTOPOR. 

B WaHHOM OoKiaye paccmaTpuBaetca 6a30Bagd KONCTpyKuNa HVTITIL, 
M3POTOBMICHHOTO METOOM ONTHYCCKOK JHTOrpaduy Cc CyOMMKPOHHEIM T-o6pa3HEIM 
3aTBOPOM, MO3BOIAIOMMad PeCaNH3OBaTb Kak MAJIOWIYMALIME, TAK MU MOLLHbIe 
TPaH3HCTOPHble CTPyKTYPpbI. 


BA3OBAS KOHCTPYKIIMA MW TEXHOJIOTMA H3FOTOBJIEHUA 
WMMTUL. 


Texnomoruueckuii MapuipyT w3rorosmenus MMIITIL w306paxex Ha puc.1. 

Msroropnenve MMIITIL naunnaetca c bopmuposanusa Al (1) macku nog 
Kanal W JIerMpoOBaHud HOHAMH KpeMHHA M1 OOsacTeit c sHeprueit E=130 KOB D=6010!3 
HOH/cM?. 

Hlocue sToro Macka yaanaetca u erupyerca KaHasibHad OOMACTh B 
3aBUCHMOCTH OT Ha3HayeHA TpaH3HCcTopa - ManOUlyMALlMi WIM MOUIHbIM C 
mapaMeTpamu Werdpyroulen npumMecu: E=50 KOB - aya MaIOLLIYMALNMX TpaH3HCTOpoR ut 
100 KOB oma MouHelx Tpausucropos. Jlo3a merupyrouleli mpumecu cocrapnser 
D=6e10!?? uon/cm? (2). 

Omuueckve KOHTAaKTHI POPMUPyiOTCsA TpagMIIMOHHbIM MeTOZOM B3pEIBa Au Ge 
Ni Au c nocsenyIouiMM BxKHraHveM; HB30UIAIMA AKTHBHBIX OOmacTeii HOHHOT 
MMIIanTayHen B* c sHeprueii SO KOB (3). 

@DopMupoBanHe 3aTBOPa NPOUCXOMNMT B Ba 9TaMa: HaNbWIeHMeM HOmcnos Ti - 
0,15 MKM Ha BCiO WacTHHy, B3PbIBHOe CeeKTUBHOE Hanburenue Al=0,7 MKM C 
NOCHeNYIOWIMM TpapieHvem Ti. Takaa MocieqOBaTeIbHOCTh ONnepauni OOecneunBaer 
XOPONIY10 aNre3suio MOACIOA 3a CYCT HAlIbUICHHA CFO Ha YMCTYHO MWIACTHHY Mp BLICOKOIi 
TeMilepatype, a TakxKe PopMupoBanne T-oOpa3Horo 3aTBOpa 3a CueT 
KOHTPOJMpyeMOro NOATpaBIeHUA WoCcIOS (4). | 

Tlocreyyrouve sTanbl M3FOTOBICHHA BKIIKOUAIOT B CeO MaCCHB3AaLHIO 
AKTHBHOPO CIOA TOUMMU OM TOMUIMHOH 0,5 MKM (5) H POpMupoBaHHe BepxHero ypoBHA 
MeTamuIM3auun Ti Ni Au KOHTaKTHBIX MHOWAaOK TpaH3HcTopa uw OObeAMHeHUA 
MCTOKOBBIX H CTOKOBBIX 3IEKTPOOB BO BCTPeC4HOLUTLIPeBOH CTpyKType (6). 

IipumMenenne BbILIenepeyncneHHbIx CHOeB MeTaIUIN3alIMU oOyciOBNeHO 
COBMCCTHMOCTbIO HaHHbIX MATEPHAIOB C MOJIYMPOBOTHAKOBbIMU CHOAMM OMHYeCKOLO Hi 
OapbepHOTO KOHTAKTOB, UX XOPOLIeH alre3veH K MONIORKKe H BbICOKOL 
STEKTPOMPOBOTHOCTHIO, HEOOXOAMMOL WIA CHMKEHUA Napa3uTHbIx COMNPOTHBIICHHH. 

Hanmuve W300A HM 43 NONMMULLa NO3BOIAeT POPMHPOBATh CIOXKHbIC 
TONOJIOPMYECKHe CTPYKTYpbi UPHOOPOB B ABYX YPOBHAX MeTAJUIM3ALMU C BbICOKOIt 
SICKTPHYeCCKON MpOYHOCTbYO W30NALHU. 

Ilaccubayna kanana HeOOxoquMa JIA MOyueHHA JONTOBPeCMCHHOL 
CTaOWNbHOCTH XapaKTepuCcTHK MpHu6opon. - _ 


KOHCTPYKUVA MMWITIO MW JOCTHIHYTBIE TAPAMETPHI. 

Ha ocuose 6a30Bo0ro TexHOMOTHY4eCKOrO Npolecca OBI H3POTOBIICHBI 
MaJIOWYyMaAllMe H MOWMHbIe MVMIITIL c pasnmunol wupuHoit 3atBopa, cepus FFN, 
FFP. [Ipu stom gymya kanana ManollymMauudx MMIITIL cocrasnser 2,0 mkm, MOLHBIX 
- 3,5 MKM. 

YqetbHad KpyTH3Ha ManolutyMalux MMIITLIO cocrapnaer 180 mc/mmM, MOUIHBIX 
- 100 mc/mn. 

Ha puc.2 npusogatca rononornu u CBU napamerppt cepnu MUTITU. 

Ha puc.3 npuBezeno pacnpexenenne craTuueckux MW WMHaMu4decKHXx 
XapakTepHcTHK TpaH3ucTropa FFP-850 no nmacruue. 
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AHasIH3 XAapakTepUCTHK MOKAa3bIBaeT BbICOKYIO BOCIIPOW3BOQHMOCTb Kak 
craTMuecknx, Tak 1 CBU napametpos, W3roTOBJICHHbIX 110 Ga30BOMYy 
TexHomornyueckomy MapipyTy MMITTUL. 


JIMTEPATYPA. 

|.Tlonepbie TpaH3HcTOpb! Ha apcenuge ranma. [Ipunuunbr padortsi uv 
TeXHONOrHA H3roTOBeHHs: Ilep. c aura. /Tlog pen. J.B. Au Jlopenyo, 
i.}.Kangemyona.- M. Panuo nu cpa3b, 1988 r. Crp 38-76. 

2. K.Hosodi, at all. “Super Low-noise self-aligned date Ga As MESFET with 
noise figure of 0,87 dB at 12 GHz”. IEEE MTT’S Digest pp.1257-1260 May, 1990. 


ION-DOPED SHF-BAND GaAs MESFETs FOR NAVIGATION AND 
COMMUNICATION SYSTEMS. 





Krutov A.V. 

SRPC “Istok”, Russia, Moscow region, Fryazino, Sportliving pr., buil.3, ap.18. 
Tel.: (095) 465-86-93, Fax: (095) 465- 88- 93. 

Mitlin V.A. 

SRPC “Istok”, Russia, Moscow region, Fryazino, Prospect myrah, buil.22, 
ap.95. 

Tel.: (095) 465-86-93, Fax: (095) 465-88-93. 


Abstract. 

The basis design of the Schottky barrier Ga As FET manufactured using ion 
implantation and an optical submicron T - shaped gate is presented. 

There have been considered low - noise and high - power transistor structures 
fabricated according to the basic technological route. 

The microwave parameters of the transistors having various gate widths (150 to 
3000 um) and featuring high repeatability of the microwave parameters. | 

The results obtained are: 


Noise Figure at 4 GHz: 0.5 - 0.7 dB, Output Power ; : 0.5 w/mm, 
Gain : 16 dB, Efficiency > > 60%. 
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Puc.1 ba3oppii TexHomormuecknii MapiipyT u3rorosneHua MMTITILL. 
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FFN-150 | FFN-200 FFN-850 








Ki=1,4 dB 
Kp=12 dB 


FFP-850 


f=81 Tu f={01 Tu f=6l Ty 
Kp=9 dB Kp=8 dB Kp=7 dB 
Papyrx—0.4 Br Psprx=0.6 Br Paprx=1,2BrT 


Puc.2. Tomonornu UW XapakTepucTukH WMTITII. 
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Puc.3. PacnpeneneHue craruyeckux W AMHaMUMy4eCKHXx xapakTepucTuk FFP-850 no 
mlacTHue. 
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20-BaTTrHbli yewiNTeib MomHocTH C-yqMala3zona. 


AGonnyes A.M., Asmees H.B., Kymme enxo 1.1., Munnebaes B.M. 
HWM “ily.ca ”, 
105187, Mocksa, Poccus, Ox yxuoit 1. 27, 
dpaxc. 095-366-55-83 


Annotanna. B craTbe M1 eCTaBNeHb! e3yMbTaTb! NM OCKTH OBAHHA HW W3TOTOBIICHHA 
ycuIMTelt MongHocTH C-qMana30Ha, 1 MMeHseMoro B CTaHIHax CIYTHHUKOBOH CBA- 
3n. Ila aMeT bI ycumutens: a6ouas Donoca yacror 5,9-6,4 TT i, Pabrx=20 Br, ko- 
acbdpanaenr younenua 43 7b, He aBHOMe HOCTB Koachbunmerta ycumeHHa He Soee 
1,0 ab, wHTe MOAYIAMOHHbIe HcKaxKenua 3-ero To 1Ka He xyxe -30 Wb, KIT] > 22 
%, 

YcnIMTelb W3rOTOBIeH Ha 6a3e T AH3HCTO OB, BbIITyYCKaeMbIX 3aBOJIOM 
"Tlynpca ". 


1. Bareqenne. 


Pa3BHTHe COBPeMeHHBIX CHCTeM CIYTHHKOBOM HM Ha3eMHOl CBA3M HEBO3MOXHO 6e3 
CBO ycunuteneli MoujHocTy c BbIcokuMu KILI vu kospuywentom ycuseHua. ITuM Tpebo- 
BaHHAM B MOWHOH Mepe COOTBETCTBYIOT YCHIMTEIH MOLIHOCTH Ha apceHH TT asIMeBbIx MOJIe- 
BbIX TpaH3HCTopax, MOJepHu3alliA KOTOPbIX MO3BOJAeT CBOCBPpeMeCHHO YiydllaTb Mapa- 
MeTPbI yCHIMTeseH. 

B KatecrBe aKTHBHbIX 3JIEMCHTOB BCeX MpeACTAaBJeHHbIX B WaHHou cratbe TMC u 
ycvIMTeia MowHocTH C-qMara30Ha criob30BaHb!l oTeyecTBeHHbIe ITTbIM AI{608, 
AJ1604, AJ1602, AII910, A796b, Bpinyckaemble 3aB070M “Ilynpcap”. S-lapamerTpbi kaxjo- 
ro ILTBILU 61m w3smMepenbl MeTozomM “Tect-nmaT” [1]. Asmepennble NapaMeTpb! UCNONb30- 
BaHbI JIA MpOCKTHPOBaHHA BCeX YCHMTENbHbIX MOLy.1eH. 


2. I] oexrTn oBaHe H W3POTOBJIEHHe YCHJINTeIA. 


Pa6ouast nomoca uacroT pa3paboTaHHOro ycusMTena MOUHOCTH C-y{Mana30Ha - 
5.9-6.4. 1 u. Younurelb MOMJHOCTH COCTONT 3 IpeyBapuTeNbHOTO HW OKOHCYHOLO YCHIIMTEe- 
neti MouyHocTH. UpenBapuTenbHbiii ycuIMTemb MOWHOCTH BKHOUaeT B CeOx Tou TMC [2], a 
OKOHECYHbIM H3TOTOBIICH Ha Ga3e BHYTPHCOLMacOBaHHbIX TpaH3HCTOPOB. 

Ileppas TMC YM200 usrotropnena na GaAs JITBIT ATI608 c wipunon 3aTBopa 
280u u AII604 c mupHHon saTBopa 2x280u. ycTaHOBJICHHbIX Ha KOBapOBOM OCHOBaHHy 
(22x22x0.8 MM) B pa3pbIB MexKy NoMMKOpOBLIMH MiaTamu (h=0.5 mm). BuemHuk sug PUC 
YM200 npeyctasnen Ha puc.1. Jipyxkackagubiit YM200 oOnanaeT TUNOBbIM kospPuunen- 
TOM ycvsieHHa 20.54b c BbIXOAHOM MoLHOcTbIO Gomee 200MBT mpx Kommpeccnn Kosppu- 
unenta ycunennua | ab. BxonHok KCB THC menee 2.4. Ilutaroujve Hanpsxxenua YM200 B 
pexkKHMe MaKCHMaJIbHOl oTLaBaemMoli MOWIHOCTH cocTaBlAoT +8B (120MA) x -3B (6MA). 

Bropas TMC YM800, crpoexTuposanHas Mo OallaHcHOou cxeMe Cc MOCTaMH Jlaure, 13- 
roTopieHa Ha GaAs IITBIL AII602 c o6meii mmpuHot 3aTBopa 4x1000pu. Pasmeppr TMC 
cocTaBILAIOT 22x22x1.6mM. Buewinuit Bug TMC YM800 mpegctapien Ha puc.2. YM800 o6- 
jaqaeT THMOBbIM KosbpuiWweHToM ycuteHua 6.50b Cc BbIXOMHOM MOLIHOCTbIO Obosee 
800MBT nipu Komnpeccuu Kos puunenta ycunenua | ab. BxoqHot KCB PUMC meuee 2.0. 
Ilutaroue HampsxeHus YM800 B pexumMe MaKCHMaJIbHOM OTZaBaemMon moneda co- 
cTaBJIAIOT +8B (400MA) vw -3B (6MA). 

B tpetrpeit TMC YM2500, cnpoextuposanHol Tak xe Mo OallaHCHOH cxeMe, Hc- 
nomb30naHbl GaAs TITBLI AII910 c o6mjeH umpHHol 3aTBopa 4x4500u. Pasmeppr TMC 
cocTaBIaKoT 22x22x1.6mMM. Buewmui sug TMC YM2500 npegcrapnen va puc.3. YM2500 
oOialaeT TUNOBLIM KosppHUMeHTOM ycuneHHaA 6.00b c BbIXOTHOH MOLIHOCTbIO Ooree 
2.5BT pH Komipeccuu Kosppuuenta ycunenusa | Wb. Bxoqnot KCB THC menee 2.0. Iu- 
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TalollHe Hallps2xKeHHaA YM2500 B pexumMe MaKcHMaJIbHOH OTTaBaeMOi MOIMIHOCTH CocTaB- 
naroT +8B (1.46A) u -3B (6MA). | 

IIpeqpapuTenbHbi YCHIMTeIb MOMWHOCTH BKIOYAacT B ceOa TpH TMC. PMC ycunu- 
Tele MOUHOCTH pacnOUOXRXeHbI Ha CMHOM KOBapOBOM OCHOBaHHH B JIBYX 3JICKTpM4ecku 
pa3J[CICHHbIX repMeTHYHbIX OObeMaX. BHeIIHHH BHI IpesBapHTeNbHOLO YCHIIMTeIA CO CHA- 
TbIMM KpbilliKamMu TipHBeyeH Ha plic.6. UacToTHbie xapakTepHcTUKH YCHIIMTeIA NpuBeeHbI 
Ha plic.4. BeIXoqHad MOIHOCTh ycumtMTena coctaBisaer 2,5Br B AMana30He 4acToT OT 
5.901 go 6.5 PYu. Hanpsxenua nutans +8B (2.0A), -3B (20MA), KI J=16%. Pa6apnrsi 
ycnuutena 125x30x8 MM. YcuJIMTeb NpHBOpayHBactcs K pawwaTopy Ha BAHTAaX, COcIMHe- 
Hie C BXOTHbIM HM BEIXORHbIM CBY-tTpakTom ocylilecTBIAeTcA Yepe3 OTPe3KH MKeECTKOTO KO- 
aKCHaJIbHOro Kabena. 

IIpeyqpapHTenbHbid YCHIIMTCb MOLIHOCTH B ciLyyae HeOOXOMMMOCTM MOXeT GbITb 
MCHOJIb3OBAaH Kak CAMOCTOATCHbHOE YCTPOMCTBO. 

OKOHCYHBIM YCHIMTeIb MOWHOCTH W3POTOBJCH Ha BHYTPHCoriacoBaHHblx Tpav3H- 
cTropax A796b. YcuumTenb npelcraBiaer co6ol MegqHoe OCHOBaHMe C yCTaHOBNCHHbIMH Ha 
Hel NiaToOw etuTeev-cyMMaTOpoB HM UiecTbio TpaH3ncTopamu. CyMMaTOpbl B BHIe KONb- 
I[CBLIX JICMHTeHTeH MOWHOCTH, Wem corlacoBaHva HW TOsau MHTaHvA W3PrOTOBJICHbI Ha 
TopommacTopoKh MoyNoxKe TommnHoH 0.5MM. KootbbuuvenT ycunenua ycnumTens 
Kyp=10y5, BbIxoqHaa MOWHOCTA PBprx=20 Br npu komnpeccun koopunnenta ycutenns | 
nb. Hanpsxenva nutanna +8B (8 A), -3B (20MA), KIT =32%. 

YcHIMTeCIb MOWHOCTH MpescraBiaeT coO6ok repMeTMYHbI GOK c KOaKCUaNbHbIMH 
BXOJJOM H BbIXOJIOM, OONaalowM pa3sBeTBJICHHbIM TCIUJIOOTBONOM HW CHaGKcCHHbI BCHTH- 
HATOPOM JIA YBCMMYCHHA TenmOoTIaIH. B Koplyce ycHIMTeNA pacnowoxXenbl WpexBapu- 
TCHILHbIM HW OKOHCYHbIM YCHJIMTCNM MOIJHOCTH, JleTeKTOp BLIXONHOM MOIIHOCTH, a Tak xe 
lata craOviM3aliuu pexumos (IICP) TMC. TICP o6ecneausaer cra6unv3upoBaHHpie Ha- 
Mps.KCHHA IIPHMCHACMBIX B ycunuTene PMC +8B, -3B, 3aujury Tpan3ucTopos oT GpocKkos 
NMTAOWMX HanpswMKeHHM, HeMpaBHILHOM NOcNeqOBATCMLHOCTH Moai NMTArOWMx Hanpsz- 
*KCHHH, a TaK Ke MpOW3BOAMT BKIOUCHHe BCHTHIATOpAa, Obecie4MBaIOMero JONONHUTeNb- 
HO€ OXIAKICHMe TenIOOTBONAa, Mp TeMMepatype Kopnyca Sonee 70C u nocnepyroulee oT- 
KJHOUCHHe NOLaul HalipwKeHHH NTA Mp NpeBLlieHHu TeMMepatypbi Koplyca ycusn- 
Tena Oonee 80C. BxogHble nuTaronve Hanpsaxenua IICP +9B, -9B. 

BHevuIHHit BU, YCHIIMTeA MOWIHOCTH CO CHATOM KpbIINKOW MpescraBeHbl Ha puc.6. 
YacToTuble XapaKTepMcTHKM YCHIIMTeIA MpMBeeHb! Ha puc.5. YpoBeHb MNTepMO/YIALUH- 
OHHBIX HCKAKCHMM TpeTbero MopsgKa, M3MepeHHbI MeCTOOM JIBYXTOHOBOTO CHTHalla NpH 
OTIM4HH YCTOT BXOJHbIX CHTHaOB [OMI 4 ux cyMMapHodw MoltHoctTH PBxd = 0.15ePBx 
HOM cocTaBHs MeHee -3005 B pabouel nomoce 4acrToT. 


3. 3akmo"eHnne. 


Pa3pa6oTan 20-BaTTHbIM ycuIMTeIb MOWHOcTH C-qHalla30Ha CO CIe/yIOIMMu Ma- 
pametpamu: padoyaa momoca uacTor 5,9-6,4 PT, Pasrx=20 Br, kosdunnent ycurenna 43 
ib, HepaBHOMepHOcTh Koop puuMeHta ycunenua He Gonee 1,0 4b, nHTepMonymalMoHHbIe 
McKaxKeHuA 3-ero MopayKa He xyxe -30 wb, KIT > 22 %. 

_ YCHIIMTeHb MOXKeT ObITh HCNOMb30BaH B annapatype chyTHUKOBO HW Ha3eMHOl cBA- 
3M. 


4. JIurepatypa. 


[1] - Imasxop I.H., IWaypo I.C. "Wsmepenue umnegancos Tpan3ucropos KT919 B yuana- 
30He 1-2 [Tt Meroyom Tect-nmat." - SiekTpouHas Texunka, 1978, Cep.1, Bbm1.7, c.93-99. 

[2] - M.M. A6Oonnyes, H.B. Ankees, B.M. MunueGaes “S-Batrnplit ycusiMTenb MOLHOcCTH 
C-yjmania30Ha.” - Martepwanpt 2-of MexyyHaponHoi kondepenymu uu BbICTaBKH 
“CnyTHnkosBaa Cpa3b”, Mocxsa, 1996. 
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BOJIHOBOJIHO-WVHTETPAJIBHBIE MAJIOUITYMABIE 
YCHJIATEIM HA TUE 


B.H.Kouetxops, I.A.Ky3He1op 
AIT "Caniom": 603107, 2. H.Hoeeopod, ya. Japuna, 7. 


AHHOTANMA 


Vcriomb30BaHve YHMIUIaHapHolw KoHcTpykumu TMC CBY Ha BowHOBOHO- 
WesTeBOM IMHUM WO3BOJLIeT YIPOCTUTbh M MaKCMMaJIbHO OMTMMM3YpoBaTb Mporecc 
peryIMpoBKM WM W3roTOBIeHMe MpMeMo-Ipeobpa3z0BaTeIbHbIX MOTYyIeH B Tpex- 
CaHTUMETpOBOM M BOCbMUMWJUIMMEeTPOBOM Malia30Hax BOJIH. LlemoueyHoe coemn- 
HeHMe OJHOKACKaHbIX YCWIMTeeN B COCTaBe MOI OOecrIeuMBaeT KOSPDMUMCHT 
ycweHua Monyia Zo 60 ab mpu Kosdduimente myMa 2.5+3.0 gb B 3aBucMMOocTH 
OT Mama30Ha padbouMx WacrTorT. 

Moxyiiv BbITIONHSIOTCH B TMHOPUHOM HM MOHOJUTHO-MHTerpasIbHOM MCTIION- 
HeHuu. PaccMoTpeHE! TepcieKTMBbI NOBbIMICHMA MMatla3oHa padoyNx YacTOoT U 
CHAXKCHUA KOSPDMLMMEHTA IITyMa. 


I. BBEJTEHHE 


IIpu paspaOorke M MpoeKTMpoBaHHM MaJIOWyMAUIAX yCMIMTeen Ha TpaH3n- 
cropax - MUITpY - B KopoTKOBOJHOBOM CaHTHMeTpOBOM WH MWJUIMMCTpOBOM JIH- 
alla30HaxX BOJIH MMeCIOT MECTO 3HAUMTCIbHbIC KOHCTPyKTMBHO-TexXHONOrMeckue 
TpyHHOcTH, O6YCIOBIeHHbIe TepeXOROM Ha HOBYIO SIEMCHTHY!O Oazy. | 

JloctwxKeHMe MpeseIbHO BbICOKUX ITYMOBbIX TlapaMeTpoB MW KosdduuMeHTa 
YCWICHMA OKA3aIOCb BO3MOXHBIM IIPM UMCMIONb30BAHMM B YKa3aHHBIx WMala3soHax 
BOJIH JIMHMM BONHOBORHO-IemeBoro Tuma - BUILT. 


Il. K PACUETY TTAPAMETPOB BUILT 


CylecTByeT, KaK M3BeCTHO, Ba YPOBHA aHaiw3a M pacueTa TlapaMeTpos JIM- 
Hum WM TUMMUHbIX HeoqHopogHoctelt B Hux. CormacHo MepBOMy YpOBHIO JIMHUM 
cCUNTaIoTCA B kBa3u-T mpHOMmKeHMU, a HEOMHOPOAHOCTH - Ha OCHOBE TIPOCTEIX 9K- 
- BUBAeHTHBIX cxem: IIJ- wna T-o6pa3Hbix SeTbIpeXHOOCHMKOB. OTM MeTObI WH- 
pOKO McioNb3yloTcs Ip pacyeTe xapaKTepMcTUK OObIYHbIX MMKPOMOJOCKOBBIX JIM- 
HMM Ha OTHOCHTeENbHO HH3KUX YacToTax CBY-mara3ona. | 

bostee monHad MW WOcTOBepHad MHCopMallMs MoTy4aeTcA Ha OCHOBE BTOpOTo 
TOAXoNa - IpW MCMONb30BAHUM BIEKTPOMHAMUUMeCCKUX MOseteM MO pe3yibTaTaM 
yvcieHHoro cyeTa. MemieHHaxt CXONMMOCTb PAHOB, HU3KaHt MpOM3BOTMTCIBHOCTb 
cyeTa 3aTpyHHAeT TIpoBeyeHve aHa3a U CMHTe3a Ip pelleHMu ONTMMU3alIMOH- 
HBIX 3a/lau, B WaCTHOCTH pM pacueTe MapaMeTpoB MOJYJIcH. 

CHOXKHOCTh aHauTMyecKWx MOeren Make pw pacueTe XapakTepucruk 
o6EIUHOM HecumMerprHon MILI so3pacraer mp yueTe cpolicrs peambHol MILT: 
KOHCYHOM TOUIMMHEI MONOCKOBOTO IIpOBORHHKa, WIepOXOBaTOCTM MOBepXHOCTH, Ha- 
Mua OOKOBBIX CTeEHOK MW 9KpaHa, Kopityca BOJHOBOZA. 
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BoNHOBOTHO-WeNeBbIe JMHYM 38 UCKIIIONCHHEM ACMMMeTPHYHOTO cilydas 
(‘aHTunoya") XapakrepH3yloTcs mpopas>oTaHHbIMM MOLeIAMM - TO KpaHei Mepe B 
IIBYMepHOM TIpnosmKeHun. 

IIpw pacuere BOHOBOTHO-INeNeBLIX MH ( puc. la) Ucrowb30BaHO He- 
CKOIbKO pa3pa6oTaHHbIX paHee riporpamM. [iporpamma FLAS tmpwmMeHeHa mpu 
pacueTe KPMTMYeCCKMX YacTOT COOCTBeHHDIX BOJH Tuna HE mpu 3afaHHbix reomet- 
piWueckKWx pa3Mepax WM MapamMerTpax 3allomHeHMs. OTOT pexuMM HeOoOXOonuM iA 
OLICHKM OFHOMOOBOrO JMatla30Ha padboTsr BIIVJI. Wpopognrcs takxe pacuer 3a- 
MeIUICHUA M BOIHOBOTO compoTuBeHua. Ha ocHoBe 3TMX TaHHbIX ONTMMU3MpyeTcnr 
3HaveHie IIMpMHB! Wiles pM 3a aHHBIX WapaMeTpax 3allouJHeHWs WM pasMepax BOJI- 
HOBOUI€. 

-Pacuer KoouuMeHTOB 3aMeWICHUA HM KPHTWUeCKONM “WaCTOTHI MPOBORMICH B 
TpeCXMWUIMMeTpOBOM Mama3oHe (f = 95 TT) BowH mo gByM nmporpammam. Ilo- 
myyeHo: mo mporpamMe FLAS - rocrosHHanx 3amMemreHua B = 2.3, KpuTMueckasn 
yacToTa Hu3meuw Monb ~ 173,4 Tu; mo mporpammMe SUPERCOMPACT B = 2.28, 
KpuTuyeckas aactota - 170,1 TUn. 

Ha puc. 160 WpwBeneHbI pacueTHble 3HaYCHMS MOTOHHOTO 3aTyXaHus B WMa- 
ma3oHe yacroT 85+9.5 [Tu Pe3synstatet pacyeros ocbOpMJIeHbI B BUTE TpaduKos U 
TaOJIMIL B COCTaBe MallIMHHOTO ClipaBOuHUKa. 


I. KOHCTPYKUMA YCUIMTEJIEN 


CxeMaTMuecKMM YepTexK YCWINTeIH BOMbBMAMWMUIMMeTpOBOrTO AMalia30Ha 
moKa3aH Ha puc. 2. [lonoxuTenbHOM OCOOCHHOCTbIO KOHCTpyYKIIMM TO cpaBHeHtO C 
Monynem Ha MIIJI spnaserca orcyrcTBMe HEOOXONMMOCTH KOHTakTHOrO COBMEIIIe- 
HMA MOJOCKOBbIX IIPOBOTHMKOB, UTO 3HAYUTEJIbHO yIpollaeT WoKacKkayHy10 pery- 
WMpoBKy ycusmTrenen uw cOopKy MOyIx B WenoM. B KOHCTpyKIIMM OTCYTCTBYIOT 
TpaHCPopMaTOPH! THIIOB BOJIH WM MepeXOAbl OT BOMHOBOZHOTO Tpakta K MII wm 


| KOaKCHasIbHon, 4TO clocoOcTByeT CHIYDKCHMIO TOTeph KoompuuventTa WIyMa. 


Ilpu peryMpoBKe MODYIA OTTaLaeT HEOOXONMMOCTh B NpMMeHeHMNM ciieliM- 
AIbHbIX IIPMCOCIMHUTCIbHBIX YCTPOMCTB, BKJIOUACMBIX OOBIYHO B BOJIHOBOHBIC 
TpakTH. B cxeMe OTCYTCTBYIOT pa3BA3bIBalollMe WU OnoKUupyrourmme CBY KoHTeHCca- 
TOPHI. 

KoHcTpyKUMI MOJYIA OMycKaeT IpMMeHeHve NMOMIOKeK pa3sHbIx MOuMMep- 
HBIX MaTepMaloB. KoHcCTpyKUMA YCWIMTCIA 3allluujenHa MaTeHTamMu PO [1]. 


™ 


IV. 3SAKJTOUEHHE 


Ha ocHoBe paccMOTpeHHBIX TeEXHWYeCCKUX pellleHult paspaboTaHbI UM B paM- 
KaX MCJIKOCEpMMHOLo MpOM3BOCTBAa BbIMNYHICHBbI CilexyroulWe M3euus: 

M@JIOWyMALMe YCWIMTeIMm WM yCWIMTeM-lpeobpa30BaTeiM B WMalla3oHe 
yacToT 9+39 TPTu, (Kin = 2+4.5 ab) - 7 vacroTusrx smtep; 

- paqMoMeTpHueckKuM WpMeMHUK TIpsMoro ycWJIeHHA BOCbMMMMIUIMMeTpO- 
BOTO [Malla30Ha JUIMH BOTH (Ky = 55 ab), pammometpuyeckun Ku c BbIxona He 
Obomee 4.5 mb; 

- IIPHeMHHK TpAMOrO yCWJICHHA BOCbMUMMJUIMMeTpOBOrO AMama3o0Ha ILA 
CHCTeMBI TeIeMeTpHM (TaHreHWMalbhast YYBCTBUTeIbHOCTb He xyxe 124 nb/Br). 
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Bce v3aenun OTBEUAIOT XeCTKUM TpeOoRBAaHWsIM YCTOMYMBOCTM K MexXa- 
HUYECKMM WM KIMMaTWVYecKMM BO3ICMCTBUAM M MVMCIOT BbICOKYIO HaCKHOCTD. 


JEATEPATYPA 


l. Harent P@ No 1734560, marear P@® No 1734561, marenr No 1732801. 
Astoppr: KoueTkos B.H., Ky3Heros I.A. 


LOW-NOISE FIN-LINE MESFET AMPLIFIERS 


Kochetkov V.N., Kuznetsov G.A. 
Salut Co., 7 Larin St., Nizhny Novgorcd-603107, Russia 
tel. (8312) 66-13-96, fax (8312) 66-50-20 


Using of the uniplanar construction of the microwave hybrid ICs allows to simplify and optimize the adjustment and production of the 
receive-convert modules for the 3-cm and 8-mm wavelengths. Cascading of one-stage amplifiers of a module ensures the gain up 
to 60 dB at the noise figure of 2.5-3.0 dB depending on the operating frequency range. The modules are available in the hybrid and 
monolithic versions. The ways for increasing the operating frequency and lowering the noise figure are considered. 
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YCHWIMTEIM CPEIHEM MOHTHOCTH HA MOJLEBBIX 
TPAH3HCTOPAX C BAPbEPOM WIOTTKH 


B.I].Ocut10B 
HUTT "Cantwom": 603107, 2. H.Hoezopod, ya. Japuna, 7. 


AHHOTAHMA 


Ha ocHose 6eckoprrycuprx ITU c pa3sHom wmpwnon 3arBopa pa3pa6oTaHBl 
VW MOCTaBIMIOTCH U3ieNIMA - youre cpenHel MowHoctn. Jia quama3soHa WacTOoT 
ot 4 no 37 [Tu mpemiaraetca pA KOHCTPyYKTMBHO-TeXHOMOFMYeCCKUX BapHvaHTOB Hi 
MOIMUKalM C pa3IMYHbIMM KOaKCMaJIbHbIMM MW BOJHOBO]JIHBIMM BXOJaMM VM BBI- 
XOaMH. 

B 2IMHHOBONHOROM YacTH CaHTMMeTpOBOrTO [Mala30Ha MOIIHOCTb Ha Bbl- 
xone wocruraet 2 Br. 

Paspa6oraHbl He MMerolliMe aHasloroB TepMeTMYHEIe KOpiyca C MeTaJLIOCTeK- 
IAHHBIMM TepexoaMu, 3alloHeHHble MHePTHbIM Ta30M, KOTOpble obecteqMBaloT 
MexXaHWuecky!Io WM KIIMMaTMYeCKyIO YyCTOMUYMBOCTb TIpM BHeLIHX BO3BLCUCTBUAX 
(yqapompouHocth cootBetcTByer 500~800 g). 


I. BBEXEHHE 


OcHOBHBIMM Tpe6oBaHUsIMU K ycusMTeIAaM cpeqHeit MoujHocra CBY-YM, 
UCTIONb3SYCMBIM B PaNMOPeJICMHbIX CTAHUMAX, ABJLIKOTCA BeIMUWHbL ToTpeOIItemou 
wu BELxonHOM CBU mMouroctu, nonoca pabouwwx YacTOT, TeMitepaTypHbIM AMarla30u 
VU HajlexKHOCTb. 

Tipu paspabotke YM cyezyeT BbIAeIMTb HECKObKO B3aMMOCBS3AHHDbIX 3a- 
may: | | 
Myv3uko-TexHororMmuecKkasd, Wpezmomarawmlad paspaooTky COOcTBeHHO TpaH- 
3MUCTOPHBIX CTpyKTyp, OTBCUaIOWIMX TpeOoBaHWAM BMala3s0HOB YacTOT, TeMMepatyp 
VW pacceMBaeMblX MOLI[HOCTeM. 

KoncrpykTuBHOo-TexHomormuecKkad - IpesmomaraeT paspaOoTky Oa30BbIXx, M10 
BO3MOXHOCTH YHMBEPCaJIbHbIX KOHCTpyKUMM KOpiiycon, TemOOTBOTANIMX WaT MW 
T.IL. 

Mogeruponanue u CAIIP YM - mpemtomaraeT co3qaHve MoyeteM HemMHen- 
HBIX YCTPOMCTB M 3aBepluaeTca paspaOoTKOM TOMOJOrMUM YCTPOHMCTBa. 

Ucrisrranusa W KOHTpONb MapaMeTpoB - BaxHeWllIMiM sTall Ha cTaqMM BbI- 
nycKa OMBITHOM WapTuu W OCBOCHUA M3eMM B MpOM3BOICTBE. | 

TlonpiraeMca Hath KpaTKyIO XapakTepMcTMKy OTICIbHBIX 3TATIOB paspaboTKU: 


Il. OCHOBHASA YACTb 


B oOecneyenue MHOToo6pa3HEIx TpeO6oBaHWl K W30eNMAM paspadboTaHa ce- 
pus Tpan3uctopos - TIT c giuHamu 3arBopos 0.4:0.7 mKm. UWupuna 3aTBopa 
V3rOTOBNCHHBIX TpaH3MCTOpoB Oba pa3sIM4YHOM B 3aBMCMMOCTH OT AMaila30Ha 
YaCTOT MU BEIMIMHEI MOWHOocTH Ha BEIXxon - 300, 600, 1200, 2400 mxm. Ip paspa- 
cea TTT AY o€paiiatock ocodoe BHUM|HMe Ha KaytecTRo MCXOAMOrQ SIIMTAKCH AID 
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HOrO MaTepWala C TEM, YTOOHI OOecHeuNTh BHICOKMe HalpsKeHMA TpoGoa u GOomb- 
Ie TOKM HachileHud croka. HanpsoxeHue MpoCos MCTOK-CTOK, CYLUeCTBCHHO 3a- 
Bucamee or crpykTyppr LIT, onpexensetca Benwuunon mMIoTHOCTH TOKa HacbI- 
WICHMA CTOKa. ONTMMasIbHas TWIOTHOCTh ToKa Ha 1 MM LIMpMHBbI 3aTBOpa paBHa 300 
+350 MA. Ha BpICOKMX YacTOTax ypOBeHb JIerMpOBaHUA CTpyKTypbl OKa3biBaeTcs 
Oojlee KPHTMUUHBIM. 

Micntomb30BaHbl MeTObI TepMMYeCKOrO HM MarHeTPOHHOrO HalibUIeHHaA 30/0- 
Ta, HAKEJIA WU 300Ta-repMaHia. PucyHoK 9/IeMeHTOB TpaH3ucTopa Momy4eH c mMo- 
MOUIbIO KOHT&KTHOM M 3JICKTPOHHOM JMTorpatuu, a TakKKe MOHHO-XMMMYeCKOrO, 
XMMMYCCKOTO VM Wia3MeHHOTO TpaBiIeHHA. 

Ha ocHoBe pacueTHBIX M 9KCIepMMeHTaIbHBIX JaHHbIX - TO pe3yitbTaTam 
M3MepeHua S-lMapaMeTpob CTpyKTyp - pa3paOaTEIBacTCH TOMOMOrMA CXeM cormaco- 
BaHHA TO BxXOTyY WM BBIXONY, WI Gero paccuMTbipaercH# cxemMa TpaHccdopmauuu 
MATHOECATUOMHOM Harpy3kKii Ha BxXOe B OOMacTh MMMenaHca (OOEIHO 2-6 Om). 

Tononorua ycunutent BplOupaeTca c y4yeTOoM peau3aliwM ycrTpolicrpa Ha 
MaJlOH TUIOWanM - BbICOKOM cTelleHM WHTerpalliu, a TakKxKe BO3MOXKHOCTH Mpocrolt 
SKCIICPMMCHTAIbHOM TOBOTKU TO TpeOyeMBIx MapamMeTpoB. DieMeHTbI corlacoBa- 
HMA BhITOTHAIMCh Ha IMCKPeTHBIX UMII-3IEMeHTAX. | 

BompramiiepHpie xapakrepuicruku TITUI mpencrasnenpr wa puc. 1. Cxema 
YCHIIMTeIA MOUHOCTH JMama3oHa Yacror 18+20 [Ti moka3ana Ha puc. 2. Mour- 
HOCTb Ha Bbixogze = 200 MBr npu BxogHoM MomrtHoctTu 0.3+1.5 MBr. Kosdduum- 
CHT CTOAYCH BOJHbI BXOa MU BbIXONa He Sonee 2.0. Ycunurenb paboraeT Ha y3KO- 
MoOcHbIe PubTppr c KCB < 2.5 B monoce 1.5 % Mm wMMeeT KOAKCHAaNbHbIM BXOL 
Tuna CPI -751@ vw BomTHOBORHEIM BEIXOR ceuenviem 11x5.5. 

Ha puc. 3 moka3aHbl 3ABMCMMOCTHM MOIIHOCTH Ha BBIXOZe OT YaCTOTEI Tpit 
pa3HbIx padounx Temiepatypax. YMeHbINIeHHMe MOLIHOCTH Ha BbIXO][e COOTBETCTBYCT 
TeMIlepaTypHBIM 3aBMCcMMocTAM BAX IJTTIIL. 

KOHCTpyKTHBHO ycWIlTeb coOpaH B KOpityce, COCTaBIIAIONIeM eWMHOEe Le- 
Joe C KOAKCHabHO-BOJHOBOXHbIM TepexonomM. K Kapkacy Kopltyca KperiarTcsa oT- 
NeIbHbIe Wath. Brox ycwymureis - BOTHOBOX coeguusaetca c YM _ uepes 
KOaKCHaJIbHO-BOJIHOBODHBIM Mepexog. Co6cTBeHHoO yCHIMTellb BBINOAHeEH B MeTall- 
JLOCTCKILTHHOM TePMeCTHYHOM kKopltyce c pa3sMepamu 24x18x6 mm. Tepmetus3aima 
9TOTO .Kopliyca jla3epHOW cBapKoM c i sa 3allOJIHeHWeM oOO0beMa 
MHCpTHBIM Ta30M lipewoxpaHsxeT = = == 9° >. @KTHMBHYIO OOacTbh CTpykKTyp 
IVT uw nmopepxnoctb maccHBHBIX SIeMeHToR OT Jerpayalluv B YCNOBUSIX MOBEI- 
II€HHOM BUlaKHOCTH WM arpeccMBHbrx cpex. Bxoupl uv BEIxonbt CBU curuasa BbITIOJ- 
HeHBI B BUC IITbIPeM, BIatHHbIX B OCHOBaHMe KOpliyca Yepe3 CTEKIMHHBbIe W30IA- 


Toph. IlpumMenaempre epexoyb oGectteumBalor comlacoBaHHblii pexHM Cc 
KCB < 1.25. 


CoOopkKa M32eMH COCTOMT U3 9TATIOB: 

- pa3MelleHue UM TpymMoBast Talika WacCMBHbIX DICEMCHTOB; 

- yYCTaHOBKa AKTMBHBIX SJIEMCHTOB; 

- MOHT@X TIPOBOJIOYHbIX MeExKcoesqMHeHHM. Pa3sBonka NpoBoyMTcH Wa ycTa- 
HOBKaX MUKPOKOHTaKTHOM CBapKH. 


Marepraant 6-% Meaynapoanol Aeamcxoii PAaxponoanonoli Renpepenynn AeurMaKe'G6. 16-19 ceura6pa 1996 r., Cenacronoan, Kppm, Yapana | 1 4 5 
Proceedings of 6th International Geanean eHécrowave Conference Crivtes'G6. 16-19 September 1996, Sevastopol, Crimea, Ukraine 


B 3akmioueHve MIpMBONMM cBOUHBIe Tapametppr YM  canTumetpozoro 
jMatia30Ha: 


- }Ivana3o0n yacTot, ITU - 4:16; 

- Liupuna momocsi, % - 10+15; 

- BrxozHant MOUIHOCTB ~ Ko 300 MBr u Oonee; 
- Kosdcpuuent ycurenusa, 1b - 20+35; 

- KCBH sxona u Bprxona | ~ 1.7; 

~ Hatipspxenue muatranusa, B de Oy 

- [lorpe6nsempmm ToK. MA - 400; 

- MuyumMaibHad HapadboTKa Ha OTKAa3, - 10000; 

- JIMama30H pabou“x TemMepatyp, °C - -)0, +70; 

- Tumble ra6apuTHble pa3Mepbl, MM - 52x48x35; 


- Macca,r_ - 100 


MESFET MEDIUM POWER AMPLIFIERS 


Osipov V.P. 
Salut Co., 7 Larin St, Nizhny Novgorod-603107, Russia 
tel. (8312) 66-13-96, fax (8312) 66-50-20 


On the base of the packageless MESFETs with different gate widths the medium power amplifiers of various constructive 
modifications in the frequency band from 4 to 37 GHz have been developed and manufactured. The CW output power up to 2 W is 
achieved in the centimeter wave range. The used hermetic packages with meta!-glass transistors are filled with inert gas and make 
them rugged and environmentally stable (shock resistance corresponds to 500-800 g). The devices have no analogs in Russia. 
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CroxacTHyecKawt MOC Jib 
(whTpa sepKabHOro KaHasa. 


M.K. Cyxayuxos. 
AO “HITIT “Carypn”, 252148, r.Kuer, mp.50-merua Oxra6pa, 2-5 
Tel: (044) 477-67-39; Fax: (044) 477-62-08 


AHHOTAaHA. 


OH 3 BO3MOKHEIX MInyTeH MMHHaTIOpHsamM dustpa ua MILI - 
HcCMOMb30BaHMe MatepHana MomomKM c Oonpumm ¢. Jina olleHKM AOTycKOB Ha 
TOMMMHY TMOAOKKH, pasbpoc 3HaveHHA BEAMUMHEL £, TOKOMPOBOMMULero MOKpHINA Hi 
ApPyIHx TexHOmorMueckHxX dakTopok paspabotana cloxactHuecKkad MORES DUETpa Ha 
MIL. Mogens mpegpasnauena ayia atalla cHctemHoro mpoeKtupoRanna. II pweomatca 
OLHKH BIMAHMA pasHUHbIx PakTOpow Ha OCHOBHEIe MapaMerpH PMbTpa. 


Brenxeuue. 


/[1a ceeKIMBHEIX IIpHeMHEIX yctpolicrs CBU amanasona ocHOBHEIMM 
NapaMeTpamMu, KpoMe TokKasalemeH Ce/eKIMH, ABMAIOTCA SKRWRANeHTHAT LlyMORan 
TemMitepatypa Bxona HM Koabduimenrt nepegaum [1,2]. Jina crpykrypht Konsepropa: 
dunbrp + cmecutems + ITYITU peavanne norepp 8B dbunstpe He3xHauntenbHo 
CKa3HBacicH Ha oomel BemHTuMHe Koohpumenra nmepenaun. Uero He cKakelllb 0 


BIMAHHM Ha BeJIHUMHy SKBHBaJIeHTHOM WIyYMOBOM TeMMepatypBL BXofa KoHReptopa 
pees 
Tiss 


KOKB o Tir Tr 

Ta Tat et Rear 1) 
T?#( J-K® 

na aaa (2) 
. ph eh eC nV _ 

ech. = “TT isle slip (PpusHYecKkat TemMepatypa unetTpa, »sKBMRaTeHTHAA 


IlyMoRaA Temileparypa cbumerpa, cmecutena ITYIIG; K®,.K° - xoahdramenrsr 
Mepeyaui MHWbIpa WM CMeCHTeA, COOTRETCTReHHO B pa3ax. Orcioya TMORBIIeEHHOe 
BHUMaHHe B JaHHoH padotre K Koabbuimenry mepenaun cbunprpa 


/leTepMHHHpoRaHHo ~ CTOXacTHUECKAaAA MO J\CJ1b (busbTpa. 


B coorgercrsuu c o6o06neHHOH AeTepMHHMpoBaHHO-CTOxacTHUeCKOM MONEJBIO 
arperatMeHprx cuctem [3] Koadbwimenr nepenaun dbunstpa B Ae TED MMTD OSH: 
CTOKACTHYeCKOH MODEM MOKeT OLIT MpeACTARNeH BEIPAKCHHeM : 
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K® = KE + Ky* TKT®*(T* - Ty) + Kya (1-2) , C3) 


rye: i - HOMMHaIbHoe 3HauenHe Koedbdulmenta Nepemaur dunprpa B AB B 
HauaIbHOH TeMMepalypHo-BpemMeHHol pabouelt rouKe; KS u K® - xpyrusna yxona 
3HAYCHILA TlapaMetpa OT temiteparypEt [| ab/rpan] WH Bpemenm cootBetcrgeniio; TKT - 
KoobpuuMenyr TepMocraoHaMsanmM purmtpa, RemwuHa OespasmepHad; T*,TS u tt, 


- abCOMIOTHBIE SHAYCHHA TEKYIICH MW HOMHHAIBHON TeMMepatyphl OKpyalowlel cpexpr 
M BPe€MeHH, COOTBETCTBEHHO. 


Vccneyopanne croxacTtuueckolt vactu Moyen (bunbTpa. 


Ky - CyWanHad BeIMUNHa XapakiepH3ylowaich MaleMalWuecKMM OXMAAHHeEM 
p Pp u w ry) 
M\K eS MW CpesqHeKBarpalHuHbIM OTKOHeHMeM otk - CryuanHbI Xapakirep 3ToH 


BeEIMUMHEL obycaORseH MHOTMMM mpHunHamu: pa3s6pocom mapaMerpoB MossOKKK 
ourmtpa hu «¢ ( h - rommmina nosfoxKn; ¢- WMaMeKTpHuccKad MpoOHMIaeMocIb 
MatepHala MOsOKKM ); JOMycKaMuw Ha W3IOTORIeHMe TreoMeTpwMyuecKorO pHcyHKa 
TOMOI0rHM uAbIpa; TexHomorMueckumMu ocobeHHocTaAmMM u3rotoBmeHHa MITJI na 
NOJIORKKE. 

OUeHMM 3aBHCHMOCTB Ke OT Ha3BaHHEIX BEoUe MpHuMH. Kepamuky c BEICOKHM 


3HaveHHemM £ HaHOonmee adbcbekTHeHO IIPHMeHAIE Ha HH3KMX YACTOTax, MoaTOMy 
OL[CHKH mpousBefem Ha uactote 1 Iny Mccnenyem Besmunny Norepb B dupe &B AB, 
papHyro = -K%. | 

BirancaM  cpemHekRagparwuHoe orkioHeHHe orepb B dumsiTpe, 
o6yciopmeHHoe pa3s6pocom MapamMerpor TIOJIORKEM. Tlom0xmM, yTO 
cpeqHekRamparvunoe .OTKIOHeHMe € MalepHana pasnaetca of, = +. 0.1. Ucxona us 


sTOH ReNHUMHEE pas6poca, c Nomompr xommexca “DATOT” naxonum o,(é) 


cpegqHeKRampatMuHoe OTKMOHeHNe TloTepb B C:pumABIpe oT pasbpoca «. o,{) = 0.173 


mb. Vicxomx 3 WachiopTHEx aHHBIX Ha IVIACTHHEL, MCMOWb3SyeMBle BR KayectRe 
TosiokkH, umeem h = 1+ 0.01 mm. Bor6upanx macnoptHy BemmunHy pasbpoca 
TOOTH NMOWIokKM, MpOMSBOAMM Te Ke BHYUMCNeEHHMA, YIO M B ciyyae c &. 
o (A) - 0.023 nb. Vimes panuste mo o,(é) u o,(h) TIONCUMTaeM CpeqHeKBaparMuHoe 


OIKOHeEHMe oTepb B duABTpe, obycnoRmeHHOe pas6pocomM MapaMeTpoR TosyIomKKH 


o,{e,h). 
o,(é,h) = for(e)+oz(h) : 3 (4) 
o,(é,h) = $0173 +0023? =0175 ab. 


Tenepb BBMMCIMM CpefHeKBagpalWuHoe oTKMoHeMe ToTepb B cTpe, 
o6ycHoBmeHHoe AOMyCKaMM Ha M3roTORMeHHe TeoMeTpHuecKorO pucyHKa uABTpa 
flonycK Ha pa3sMeph MeTAWIM3sallMM paBeH TomuMHe Metammsaynn. pn tome 
MeTaLInsallMn papHol 10 mkM, reometpwueckne pa3Mepbl MMerOT FomycK +0.0/ MM. 
Pacuetst 6yneM IIPOM3BOAMIb MO M3H0KeHHON RBEONe MeToMKH. Jina pas6poca mo 


{ 5 ) Marepnaant 6-% Mexaynapoauolt Aeumexoit Aaxponoanonoit Renhepenynn Rear eG. 16-19 ceurs6pa 1996 v., Cesacronoan, Kppim, Yxpanna 
Proceedings of 6th International Gremean rAecrowave Conference CrvHo'G6. 16-19 September 1996, Sevastopol, Crimea, Ukraine 











WIMHe pesoHaToOpoR o, (0) = 0.124 ab. Jina pas6poca no mmpnne saz0poR cEa3H 
o,(s) = 0.037 nb. Jina pa3s6poca mo unrpuHe momocKor o,(w) = 0.042 ab. Ames 
parte m0 0, (/),o,(s),o,(w) nogcuuzaem cpemHeKRalpaTHunoe OTKTOHeHMe ToTepb B 


prmTpe obycHoBseHHoe BCEMH AOITyCKaMM Ha TeOMeTpYAG TONOMOTMM o, (1,5, w). 


o,(1,3,w) = Jor()t+oz(s)+ oi(w) , (5) 
o,(I,s,w) = V0.124 +0.0377 +0.042? = 0.136 BB. 


Braue takWx texHomormueckux ocoGenHoctelt u3rotonmerma MII, xax 
TOACHOK XPOMa HM salgMTHOe NOKpHitHe Ha CPOpMMpoBaHHe MoTepb MOaHO MpeHeOpeus 
TO CIeAyOULMM ipwuMnam. [loco xpoma He BeIMK MO TOMUMMHEe WM MOKpBHIT c10eM 
McA TIpeBbINalolwMM TOMMHY CKHH - cao. JalatHoe MoKpirtMe ( 30010 ) HMeEET 
Mayio TommuMHY. Ha ocHoBaHH H30XeHHOTO MO2KHO Cielalb BBIRON, UTO TOKM TeKyT 
B OCHOBHOM B CHO€ MEH, CILEMOBAIEABHO MOACHOK WH MOKpETHe Jalol HeEsHaAyUHTesIbHEM 
BKJlal B otepH puETpa. 

Oobc6umm sauaHie pas6poca mapaMerpoB Mos70KKH MM ONycKOB Ha 
MSrotopmeHwe TeOoMeTpHM Ha (cbopmMupogaHHe noreps duntpa Berumcnum 
CheqHeKBalparMuHoe OTKMOHEHMe Tloreph Aa THX akropor o,(Z). 


o,(Z) = fo2(eh) +o? (Ls) : C6) 
o (2) = ¥0.175° + 0.136? = 0.222 nB. 


Tlorpeumiocts mpH6opok, Mcnomb3yembIX JIA M3MepeHHA ToTepb Ha Tex 
YacTOTax, [fe MpPOBOAMAIMCh MccMesOBAaHHA paBHutach A = +0./ aD. 

Ha ocHoBaHWM BBOMCH300KeHHOrTO MOKHO OLEHHTb TpeboRaHHA IA 
WHCTPyKUMM No HactpolkKe dbwretpa : 


L,= M{L,) +o,(Z)+A , CI 


1, = 0.932 +0.2224+0.1 = 1.254 pp. 


s 


jinx oueHKH tpedopanmii Bp TY neo6xomumo yuectb BKa cmaraeMix B 
MaTeMalHYecKoH MOMENI, OTpakalolgux TemMMepatypHyh WM EPeMeHHyW 3aBHCHMOCTH. 
/\7t MaccMBHoro yCIpolvictpa, KaKHM ABNAeICA (MAbIp, IpeTBHM CJaraeMBIM 


BBIpakeHuA (3) KP(t- t., MOKHO IpeHeGpeus, TK. MacCHBHBIe CXEMBIE MIO 
NOABEPKCHEL BPEMCHHEIM M3MCHCHHAM IIpH HOPMasIBHEIX YCHOBHAX SKCIMIyaTalyu Mu 
XpaHenua. Bropoe cimaraemoe Ky*TKT?+(T* -T, ) BhIpakeHHa (3) paccMoTpHM 


riompo6uee. Muoxurems TKT® =/ , wx. HIEIp He TepMoctaTHpoganca. KF 
cbopMupyloT HecKombKo chakropos : | 
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- TK,- tTemmepatypHsnit xoabbwipient pManekrpwuecKoH IpoHMiaemocim, Ayia 
MCIOUIb3yeMOLO Matephasa OH paBeHl TK,(75 - 8) = —49.3*J0° [1/rpan]; 

- TK,- Koabdwimtent TemieparypHoro WHHEHHOTO paciiMpeHia, WA HCMONb3yeMoro 
Matepviana on paper TK, (TB — 8) = 9.4*j]0°° [1/rpan]; 

- TKI, - KoebvIMeH! Temiiepaly PHOTO IMHeMHOTO pacliitpeHha MeTanisalM, WLt 
HCMOAbSyeMOro MalepHasla OH paBeH TKL,,( Cu) - 16.5#10° [1/rpan]; 


- TKp - temnepatypHEni Kosbpuiment yembHoro COMpoTHReHHa, yA 
HCHOIb3yeMOTO MaTepHalia OH paBeH TK A Cu) = 0.0043 [1/rpan]. 


Byrpoynl. 


Us paccMompeHHEEx BeNMUNH TeEIVLIOBEIK KoabpuWeHTOoR MOXHO CieNaTb 
BEBO, UI RIMHHe KY Ha cbopmuponanne K® g pmana3one temmepatyp +/00 rpan 


Ha HeECKOJIBKO MOpAnKOB HMAKe, EM BKMay ky CrenoralebHO BIOpHIM CJlaracMbin 
BEIpamenia (3) ana C—uA_TPOR BEMIOMHEHHEIX Ha TepMoctabuibHOH KepamuKe TB-8 
MOKHO mpeHeopes. 

B pesymbtare MpoBefeHHOW OeHKM BIIMAHHS pa3sIMUHBIX cilaraeMbix 
Biipakennn (3) Ha K® moxHo pa cbunbTpoR U3 TepMoctabwBHOK KepamuKu TB-8 
B o6mactu yactot 1 Tri, ucnomp3yemprx B AMaltazoHe temMeparyp T,,, = +/00 rpag, 


tpeOopanuax B TY sanapatb ananorMuHbiIMa TpeOoRaHHaM B MHCIpyKIMO IIo 
HacTponke. 
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THE STOCHASTICAL MODEL OF THE IMAGE CHANNEL FILTER 


Sunduchkov M.K. 
een company “Saturn”, 2’b” 50 Let Oktiabria Ave., Kiev-148, Ukraine 
tel. (044) 477-6739, fax (044) 477-6208 


There is one of the possible ways to make the small size of the strip-line filter, using the substrate material with the 
larger s. Stochastical model of the strip-line filter is developed for the valuation of the tolerance for substrate 
thickness, for the spread of ¢ values, for the current coating and other technological factors. 
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CPABHMTESIbHbIM AHASIN3 PESYINbTATOB 
CUHTE3SA VDEANbHbIX OVIIbTPOB U 
®VSIbTPOB C QUCCUNATMBHbIMU 
NOTEPAMY 


VUnbuenko M.E., Fycepa M.H., Kanunvyeuxo 10.B., Bosniok A.B. 
HUM PST "TOP" npu HTYY "KIT", Kuee, Ykpauua 








AkHomauus - AHanusupyotca @aMNNUTyAHO-YaCTOTHble XapaKkTEpUCTHKM CPYNbTPOB, CUHTeSMpyeMbIX TPaAMLMOHHbIM 
METOAOM C Ucnonb3soBaHvem NpoToTuna OHY, B env Cc NOTepAMM M aHaNOrMyHbie xapakTepUCcTUKY, NONyYeHHbIe OGOGLIEHHbIM 
M@TOJOM CUHTeZa Chun’ TpoB Cc yueTOM AVCCUNATMBHbIX NoTepb. 


I. BBenenne 


AccunaTMBHble NOTEpY ABNAIOTCA ECTECTBEHHbIM CBOVicTBOM MtoGoro u36NpaTenbHoro ycTpoiicTea. 

HECMOTpA Ha CCTECTBEHHOCTb YYeTa AUCCUNATVBHbIX MOTepb OCHOBHaA Macca OnY6NUKOBaHHbIX B 
oOnactu npoextupospanua cunbTpos pabot [1,2,3] vcnonb3yeT MeTOA cuHTesa Ha 6a3e npototuna DHY, 
cosfaHHoro C.apnutrroHom B 1939r. uv nonyuusBwero WupoKoe pacnpoctpaHeHve nocne ony6nuKoBaHua 
KHMrM F. SI. Matres, JI. Ayra, &. M. T. Dpxonca [4]. 

B HacTositiee BpemMA pa3spaboTaH OG606WeHHbIN MeTOA CVHTe3a @unbtpos [5, 6, 7], nosBonartouwmi 
PACCUUTbIBATb GVNbTpb! C yYeTOM AMCCHNATMBHbIX NMOTepb. PesynbTarTot, npyvsepeHHbie B pabote [4], 
COOTBETCTBYIOT HaCTHOMy Cryyalo OOOOWeHHOrO MeToga NPU COOCTBEHHOM 3aTYX@HUN Pe3sOHAHCHbIX KOHTYPOB 
DO=0. flanee nposogutca cpaBHuTenbHbiii aHanu3 cbunbTpos, NONYYEHHbIX STUMM MeTOAaMH, NPV OAVHAKOBbIX 
COOCTBEHHbIX 3ATYXAHUAX PESOHAHCHbIX KOHTYPOB. : 


ll. OCHOBHAA YaCTh 


Uccnegopanve cbyHkKivi nepegaun us6upatenbHbIx yeneli c noTepsamy OOOBLICHHbIM METOJOM u 
CPaBHEHME STUX Pe3yNbTATOB C pe3yNbTaTaMM, NONYYEHHbIMM TpaAVULVOHHbIMM MeTOAaMU, NPVBeAeHb! Ha 
rpaduxax puc.1 Ana cbunbTpos c yncnom KOHTypoB n=3,5, 10. 

Ha rpadbuKax o6o3sHayeHo: LH-cbyHkyMA Nepemauv MOLUHOCTH B Harpysky dunbtpa; — -oTHOcuTeNnbHaA 
HYacTOTHaA NEpeMeHHaR E=X/Xn, X=@1/M0-Wo/M1 - OTHOCHTENbHaA paccTpoika YacToThl; Xn=(@2-01)(@102)'” 
OTHOCHTenbHan = nonoca mMponyckaHua dbvnbTpa; wo=(a102)"*- UWeHTpanbHaaA YacToTa cunbtpa. Monoca 
nponyckaHuA cdunbtpa E=-1++14. 

Kpvsele 1- AUX nfeanbHbix PUNbTpoB c YeBSbiLLEBCKOM XapakTepucTMKoN (DO=0). 

Kpusbie 2 - AUX ugeanbHelx cbunbTpos c YebbilwescKoi XAPAKTEPUCTUKON, PE3OHAHCHbIE KOHTYpa 
KOTOpbIX UMeHOT OfMHaKoBble 3atyxaHun DO=0.1, cooTBeTcTByiouive, Hanpumep, BOGpotHoctu QO0=100 npn 
3afaHHOU Nonoce nponyckaHuA Xn=0.1 Tak, YTO DO=1/(xn*QO). 

Kpusbie 3 - AUX cbunbTpos, CMHTe3MpOBaHHbIx OGOGUEHHbIM MeTOAOM C ViCNONb30BaHveM MonvHoma 
YeObitieBa np Tex Ke 3aTYXAHVAX PESOHAHCHbIX KOHTYPOB. 

Safatvan HepaBHomMepHocTb AUX B nonoce nporyckaHiA ANA KpUBbIX 1 3 - TAB. 

Pe3ynbTaTb! iccnesoBaHun cBegeHb! B TaGnuy 1. 


Ta6nuua 1. 


HepaBHomMepHocTb Nlotepyv ; SatyxaHue 


Bug cbunbtpa 


Munbtp c AUX 

| YeSpiwiepa DO=0 
MunbTp ic 
3aTyXaHuAMM 
pesoHatTopos DO=0.1 
OvnbtTp, 
CUHTE3UPOBaHHbIN 
OG6O6LWIEHHbIM MeTOZOM, 
npu 3satyxaHnu 
pe30HaHaHCHbix 
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KCBH Ha BXOZe BBILLIG PACCMOTPEHHbIX CPuNIbTPOB 1,2,3 B Npesenax UV3IMeHERMA E=+1.5 npegAcTaBneHo 
Ha pic. 2. 

MpenctaBneHHble xapakTepucTuKw GyHKYW OTPaXKeHMA NOKA3bIBAIOT 3HAUUTENbHOe YMeHbLUeHKe 
KCBH Ha Bxoge dUnbTpos, CHHTesupyeMbIxX COHOOLWIEHHbIM MeETOOM. 

Kaxyueeca yBenvuyeHne 3aTyxanun B Nonoce sarpaxkMeHuA veanbHoro CUNbTpa C BHECEHHbIM B 
Hero 3ATYXAHNEM PeESOHAHCHEIX KOHTypOB DO=0.1 SyfeT cBegeHO Ha HET Np AoBeAeHMM NoNochl NpoNnyckannn 
9Tore dbunbtpa go Lh=145 B nonoce €=+1. 


il. Saxnioyvenne 


CpasHvtenbHbl4 ananu3s AUX cbyHKWA mepesaun4 Ww OTpPaKeHUT cbunbTpos, CHHTe3VpyeMbix 
TPAAULIMOHHbIM MeTOZOM [4] 1 O606uWjeHHbIM MeTOAOM [5,6,7], NOKA3bIBatOT Lienecoo6pa3sHOcTb VicCnonb30BaHvA 
npu pacuete cbunbTpos o6obujeHHoro MeTOga CMHTe3a CPUN_TPOB C YYETOM AVCCHNATMBHbIX NOTEpb. B faHHoM 
CnyYae paCCMOTPeH @HANv3 TONbKO CUMMETPUYHbIX CPU_TPOB C NOTepAMM. HOBbIM METOA MOKET 6biTb TaloKe 
ViCONb30BaH NPM CHHTe3e HECHMMETPYYHbIX CUN_TPOB C NOTEPAMY, AKTMBHbIX PUN_TPOB, CAHTESMpyeMbIX NO 
cyHKLMAM NepevAan VM OTPAXKeHNA C AVCCUMATMBHbIMU NOTEpAMY, B LIMPOKOM AKanasoHe annpokCMMupytolMx 
cyHKUM, NpesACTaBNeHHEIX B [7]. 


IV. Crniucon nvvepatyppl 


{1] Dawei Zhang, G.-C. Liang, C.F. Shin, R.S.Withers, M.E.Johanson, Dela Cruz, Compact Forward-Coupled Superconductin 
Microstrip Filters For Cellular Comraunication. IEEE trans., vol.5, Ne2, June 1995, p.2656. 

[2] Kaycbmay M, Cugman A.P. Mpaxtuyeckoe pykoBogcTBo NO pacueTaM CXEM B SIEKTPOHMKE - M.-OHeproatomuagar, 1993 
288c. 

[3] Notkopa E.f]., Kocakun C.B. Pacuer muKpononocKoBbIx cbunbTpos CBY Ha CBA3AHHbIX NMHUAX - M.: paguotexHuka, N2e10 
1991r., 6.39. 

[4] TJ.Mattei, Ayr, E.M.T.2pkonc. Ounbtppi CBY, cornacyrouwe yen uv Yuen cBAsn.-M.:Can3b, 197 11r.,440c. 

[5] VnbueHko M.E., fycepa M.H. O cuHte3se TaepgoTenbHbIx cbunbtpos CBU. [upomarHvTHaa oneKTpoHiika MW SNekTPOAMHaMuKa 
Kues:KneBcKwid nonutexHuueckuit HHCTUTYT,1978r., c.20. 

[6] Tycepa M.H. OGo6wWeHHbIA MeToOA CMHTesa NaCcUBHbIX bunbTpow CBU c yYeTOM AMCCUNATUBHbIX NOTEPb. - U3BeCTHA BY30B 
cepvn Paguosnextponnxa, 1980, Ne11, c14. 


[7] Tycesa M.H. Hosbiii ang annpoxcumayyu Ans cuHTe3a chunbTpoB.-V3BecTuA By3OB, CepuA PaguosnextpoHuKa, 1979r., c.44. 
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COMPARATIVE ANALYSIS OF RESULTS OF IDEAL FILTERS’ SYNTHESIS 
AND SYNTHESIS OF FILTERS WITH DISSIPATIVE LOSSES 


lichenko M.Ye., Guseva M.N., Kalinichenko Yu.V., Voznyuk A.V. 
SRI of Radioelectronics Equipment “TOR” at NTU of Ukraine “KPI” 
37 Peremogi Ave., Kiev-056, Ukraine 
fax (044) 219-2538 


The change of form of frequency characteristics and dissipative losses occurence in functions of capacity transfer is usually 
indicated at comparison of results of ideal filters’ synthesis and synthesis of filters with losses. Research of synthesis results and 
modelling of filters with losses with the number of resonant contours 2...10 on transmission function, on reflection function and on 
phase characteristics at various source parameters: non-uniformity and form of the amplitude-frequent characteristics, value of 
sharpness of resonant contours and the passbands, shows the importance of filters synthesis in view of losses depending on the 
given technical requirements to the characteristics of the filter. 
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n=5 n=10 


Puc.1. AUX cbyHkuui nepegaun cbunbTpoB 


-1.5 -1-0.5 0 0.5 4 1.5 ~1.5 -1-0.5 0 O.5 14 1.5 “2.5 -1-0.5 0 0.5 1 1.5 


1 72 





KCB KCB .- 
n= n=10 





Puc.2. AUX cbyHkyui oTpaxKeHua cbunbTpoB 
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PASPABOTKA CANP MATHETPOHHBIX 
YCUNUTENEVU VY MPAMEHEHME EE 
B YYEBHOM MPOLIECCE 


A.B. BacsxHosuy, f.A. bapaHos 
Xapbkoeckuli mexHuyeckud yHueepcumem paduosnekmMpoHUKU 


AHHoTauMaA - B RaHHOM paGoTe paccMoTpeHb! MOgeNU, COCTaBNAIOLUMe CTpyKTypy paspa6aTbipaemow CAMP, a TawKe 
BO3MOXHOCTb UCMONb30BaHMA HOBOFO CTaHAapTa ASbIKa PoptpaH ANA OOpaSoTKu BbIXOAHbIX NapameTpoB A@HHbIX MogeneM. 
Mpvumerenue rpacbuyeckux 6u6nvoTek no3sBonAeT Gonee HarnAgHO NpeACTaBUTb Npovecce! B NpUGope, YTO NOBbIWAeT KAYECTBO 
V3YYEHMA CTYACHTAMM MaTepuvana No npuGopam MarHeTpoHHoro Tuna. 


|. BBenenne 


B HacTORuee BPEMA OAHUM U3 CCHOBHbIX MeTON0B MccnegoBaHvA CBU npvOopos u ycTpouicTB 
ABNACTCA VCNONb30BaHve UVCNeHHOTO SKCNEPVMEHTA, 3aY4aCTYLO NOSBONAOWErO 3AaMeCHUTb TPYQOeMKU Vu 
foporoctornumMi cbusnyeckwi aKkcnepumeHT. OgHako, MogenupoBaHve npvuSopos Ha OBM_  aBnsxetca 
CNOKHOW HAYYHO-TeXHuyecKOK 3agauei, TpeOyiowen ANA CBOeFO PeLUGHMA MOLUHbIX BbIMACNUTEMbHbIX 
CPeACTB WM COOTBeTCTByIOWero MporpamMHoro oGecneYeHnA. F3bik DoptTpaH ocTaeTcA OAHWM U3 OCHOBHbIXx 
ASbIKOB MPOrPaMMUPOBAHUA NPY pewWJeHHUY Nog_oGHbIx 3agay, YTO OBbACHAeTCA pAQOM CYObEKTVBHbIX U 
OObEKTMBHbIX NPUYHH /1/. 

PaspabaTbipaeman CATIP marHeTpoHHbIx ycunutenei BKniovaeT B ce6n pag MOenen paanu4Hon 
CNOMKHOCTH VU Ha3sHayeHuA © aHanuTuyeckyh, -npvOnmxKeHHyo UW MHOrOMepuoAHytO (VCrONb3ylOLyio MeTOA 
KPYNHbIX YacTUL]). Kpome Toro, CcocTaBHOU YacTbto CATIP aABnAeTcA nporpamMa pacueTa 3aMeAsIAIOLUUXx 
CucTeM. | 

LUMpoKkoe pacnpoctpaHeHue B NocnegHee BpemMA NepcoHanbHbiIx GBM u Bce COBepWeHCTByIOlNecA 
UX BOSMOXHOCTH NpvBenv kK HeEOOxoA_uMocTH NepepaboTKW NporpamM, peanv3yOulMx Ha3BaHHbie MOEN, 
NpUMeHUTesbHO K MOBM. Kpome Toro, nakeT nosAnporpamMM, peanv3yrOllux, B YacTHOCTM, MHOrONnepvoAHylo 
MOeNnb, NO3sBoNnsAN, NOVMeHAR OCyKBeHHO-LIMdpoBylo rpacpuky, NvWb B OOUWMX YepTax NpeACTaBNATb Ha SKpaHe 
OBM npoyecchI BsauMogelicTBuA B NpUuGope. PeanvsayA BO3MOMxKHOCTU rpacuyeckux NocTpoeHuK B PopTpaH-90 
He TOMbKO yHanoCch Ha KAaYECTBEHHO HOBOM YPOBHE BbIMONHVTb NPUMeHABLIMeECA paHee B AaHHOW Mogenu 
fpacbuueckve MOCTPOeHIA, HO MW OCYLUECTBUTb NAPUHLMNVaNbHO HOBYIO BO3MOXKHOCTb - @aHAMAaLIMHO NPOLIECCOB 
B3aVMOeVcTBUA B Mpnoope /2/. 


ll. Mogenn, BxonAWWMe B CTpyKTypy paspa6aTbIBaemon CAMP 


CocTaBHOMW 4acTbiO pa3spabaTbiBaemow CATIP MarHeTpoHHbIX NpuOopoB ABNAeTCA pacHeT 
3aMeANAIOUIUX cuctem (3C). CTporoe TeopeTuueckoe uccnefoBaHue 3C cBA3aHO c pelueHvemM ypaBHeHHiA 
MakcBenna Np oY¥eHb CNOKHbIX TPAHWYHbIX YCNOBUAX, YTO OOSACHHETCA GonbuION TpyfOeMKoCcTbIO pacueToB 
Ha OBM. Mostomy 3C mMofenupytoT npv NomouW pasnu4Hbix npvOnuxKeHHbIx MeToQoB. Llenb pacueTa 3TUXx 
CUCTeM - onpemeneHie WX AVCNMepCHOHHbIX XapakTepUCTHK MW CoNpoTMBNeHMA CBAs. B npegctapnaAemon CATIP 
MonenupyloTca 3C Tpex TUNoB : NNocKoN rpeGeHKM, BCTPeYHbIX LUTbIDeM UV NeECTHMYHOFO TNA B AHOAHOM GnoKe 
c Bmaguvamu. Mpu pewernvn AucnepcnoHbix ypaBHeHvw SC ucnoMb3syeTcA MeTOA NnocnefoBaTeNbHbIxX 
npvuGnuxeHvi. Pesynbtatb!, nonyyaemble mpw vccnegoBaHvn 3C pa3snMyuHbiIxX THNOB B AanbHenWwem 
VCNONb3yloTcA Np MOogenupoBaHun NMpotjeccos B3aumMoAeucTBUA B yCunuTene. 

Kpome pacueta 3C B cTpyKTypy pa3spa6aTbipaemon CAMP Bxogut pag Mogenel ycunutenn oOpaTHou 
BONHbI C PaCNnpeAeNeHHON smuccvel (AMNNUTPOHA), PASNUYAaIOLLIUXCA CNOCOGOM NpeACTaBNeHNA BNeKTPOHHOrTO 
noToka WV, Kak CnNegAcTBie, CTENEHbHO TOUHOCTM NONYYaeMbIX pe3syNbTaTOB, 3aTPaTAaMVM MaLUUMHHOTO BpNeMeHH, 
TpeOyeMbIM OObEMOM NAMATH YU T.4. 

HavuGonee npoctasi v3 sTux MOgenew - aHanuTuyeckan, B OCHOBe STOrO NoAxofa NEXKUT YNPOLeHHoOe 
NpeAcTtaBneHue SNeKTPOHHOrTO MoTOKa B BUAe KECTKOM VNU UHEPLMOHHOM CNULb!I NPOCTPaHCTBEHHOrO 3apAsa. 
Npu stom npunumaetTcA ABYMePHaA LIMMNAWHApMYeCcKan MOAeNb; CUNTaeTCA, YTO B AVHAMVYeECKOM pexKime 
BECb 3€PAA, 3AKNIOUEHHbIA Me KDY CTATAYECKUM MM CUHXPOHHbIM pafvycaMu YW HaXOAALMNcA B TOPMOSALLEH 
case BY mona, nepexoguT Ha aHoA, OTgaBaA cBOIO NOTeHUMaNbHytO SHepruto BU nonw, 3a BbINeTOM 
KVHETHYeCKOM sHepruM yoapa o6 aHOg; CcKOpocTb MepemeujeHuA 3apAga onmucbiBaeTcA B agnvadbaTMYecKoM 
NpuBnwKeHUN VW NpVHUMAalOTCA HeKOTOpbie Apyrue ynpowjeHun. anHaA MOAeMb vuMeeT HavGonee Masioe, No 
CPABHEHMIO C OCTaNbHbIMM, BpemMA cueTa Ha OBM - nopayka HECKONbKUX CeKYHA UW MOKET NPUMEHATbCA ANA 
OnpeAeneHuA OKPeCTHOCTM BONU3U ONTMMYMa COBOKYNHOCTM KOHCTPYKTMBHbIX UW SNeKTPUYECKUX NAaPaMeTpos. 

Npv6nwkeHHan MOAeNb UMCNONb3syeT TMApOAMHAaMMYeCKUA MeTOH, B OCHOBe KOTOPOrTO NeXKUT 
npeAcTaBneHue NoToKa B BUZE HECKUMAeMOM 3apADKEHHOU 2KUAKOCTU. DOPMaG SNEKTPOHHOKM CNULIb! NPY STOM 
OnpeMeNnAeTcA NYTEM HAXOKLEHNA YCPEAHEHHbIX TNaeKTOPUK, ABMIAIOLLUXCA FPAHMLAMM BNEKTPOHHOSO CryCTkKa, 
YTO NOBbILUAeT TOUHOCTb pe3yNbTaTOB. 
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HavOonee pacnpoctTpaHeHHbIM MW NepcnekKTMBHbIM B HacCTORLWee BNeMA ABNAeTCA MeTOA KPYNHbIXx 
YACTUL|, COCTABNAIOLUIUA OCHOBy MHOronepvoqHow mMofenu pa3spaGoTaHHo B 80-x romax B XapbKOBCKOM 
UHCTUTyTe pagvosnekTpoHiKn /3/. CornacHo eTomy MeTOAY NOTOK SNeKTPOHOB nNpeACcTaBnAeTcA 8B suze 
COBOKYNHOCTH CPpaBHUTeNbHO HEOONbLUOTO YuicNa KPYNHbIX YaCTHLL Cc 3apAgoM K*/e/ wv mMaccoK K*/m/, rae K- 
KOS@CUYeHT yKpynHeHua (K>>1), /e/ vm - 3apAg uv Macca gneKkTpoHa, COOTBeETCTBeEHHO. MeTog no3BonneT 
UCCNeAOBaTb TEPMO- VW BTOPUYHO-3MUCCKOHHbIE ABNEHMA, NPOLECC BNEKTPOHHOH GomOapAupoBKU SNeKTPOAOB, 
nepexomhbie nmpoeccb!, MOogenupoBatt B3saumMoAelcTBuVe B NMpvOope Apu pasnu4HbiIx nNpocunsax 
HEOAHOPOAHOrO BAONb paguyca M a3uMyTa MarHUTHOrO NonA. BOaMOXHO TakxKe paccMOTpeHue BCero Npowecca 
B3@VMOAeVCTBUA B ASMMYTaNbHOM HanpaBneHun Kak NNOCKON, Tak VW UWMHAPNYeCKON KOHCTPYKUMM. Mlpu atom 
UCNONb3yloT Ooree cTporm nopvxog, SasupyroluwiicA Ha peWweHuU CaMOCOrnacoBaHHOM CUCTeMb! ypaBHeHuil. 
AaHHbId MeToA HavOonee NonHO yuNTbIBaeT BCe Npoliecchl B NpocTpaHcTBe B3auMOmeicTBUA VW, KaK 
cneAcTaue, TpebyeT AocTaTOYHO Gonbuoro BpemeHU cueTa Ha GBM. K npumepy, BpemaA cuetTa npotecca 
nepexona npuOopa oT MOMeHTa nogaun Ha BxoA BY curHana go ycTaHOBNeHYA cTalMOHapHorO pexKuma 
cocTaBnveT nopayka 60 MuHyT Ha OBM tuna IBM 486/DX2/66. Takum o6pa30m, Yenecoo6pa3Ho Ucnonb30BaTb 
AAHHYIO MOACNb ANA YTOUHEHWA pe3yMbTaTOB, paHee NMONYYeHHbIX NPN NOMOLM aAaHanuTNYeCKON unu 
npvOnwxeHHoK Mogenel. 


IH. [porpammbi Bu3yannsauny npoueccos B NpoctTpaHcTBe B3aNMopseicTBHA 


PaspaOoTaHHasr nognporpamMmMa FOTO.FOR sxogvT B coctaB MHOoronepvogHo mogenu vu 
NpeAHa3sHaveHa ANA rpaduyeckoro oToOpaxkeHvA pacnpeneneHuA snekTpOHOB B NpocTpaHcTBe 
B3QUMOAeVCTBUA MW OCHOBHbIX XapakTepucTUuK Npoleccop B npvGope. KomnoHyeman co cTaHpapTHoi 
6uOnuotekow GRAPHICS.LIB, BbiInonHAeT u306paxKeHue, B pexvme rpacbuKu VGA, ammnutpoHa B paspese 
(NMepneHAUKyNApHO kaTogy), pacnpefeneHve anexTpOHOB B MpocTpaHcTBe B3avMOpelicTBNA, Obo3sHa4eHne 
BBofa WU BbIBOAa BY curHana, oTOGpaxeHive OCHOBHON UHcopMalWN O TeKYLIEM BpeMeHY MOfeNupoBaHua, 
BMecTe C WHOMKaLMen TekyLuero nepvoga BU curHana. Ona Harnaguoctu u3s06paxeHue npoctpaHctsa 
BsaumogevcTBuA = yBenuyeHoO B 3 pasa. Kpome Toro, B NporpamMe UCNON_30BaHbI LUBeTOBbIe rpanalun 
KYMHOCTM PacNONOKeHWA YACTUL, TO eECTb ecnu B OONacTM NpocTpaHctBa, oTOOpaxaeMomM Ha 3KpaHe OAHOM 
TOUKOM OyAeT HaXOAVTbCA OAHa YaACTMYa, TO COOTBeETCTBYIOLUMM MuKCeN Ha 9KpaHe 6ygeT cBeTNO-rony6oro 
LIBeTa, Ecnv fBe YacTuibi - ronyOoro mM Tak 4 rpagaluMn fo TeEMHO-cuHero. 

Ucbopmalina Oo Npoyeccax B aMNMNUTpOHE B TeKyLUece BpeMA MOfeNVpoBaHUA OTOOpaxKaetcA Ha 
okpaHe B NpaBoM HW KHEM yrny B Buge TaONuubI C NepejaBaemou B Hee UHcpopMaLiMe : KONNYeCTBE YaCTHL, 
AOCTHTLUMX AaHOga, YNaBLUMX Ha KaTOA, BTOPUYHbIX YacTULY UV OOwero KONMYeCTBa YaCTUL| B NpocTpaHcTBe 
B3aUMogeucTaun. 

Mporpamma ANIMA npegHasHaveHa ANA aHvMaluu Mpoyeccos B aMnnutTpoHe c OAHOBPEMEHHbIM 
HamnAAHbim OTOOpaxKeHieM, B BULE FMCTOrpaMM, BbIXOAHOM MOLJHOCTM W aHOAHOrO ToKa. Ucnonb3ya cbalinbl c 
KOOPAUHaTaMU YacTVL| B NPOCTpaHCTBe B3avMOAeVCTBUA UW AaHHbIMM O TeKyLUEM Nepvoge, BbIXOnHON 
MOLUHOCTH KW @HOAHOM Toke, dopmupyeMbImMU Npu paboTe MHOroMepvogHo mogenu amnmnutTpoHa, gGakHanr 
nporpamMMa NoO3sBonAeT B ANHaMUKe NpocneguTb mpoueccsi, npoucxogAuinve B npuBope. U3-3a HeEBO3MO)KHOCTH 
NOAREPKKM HECKONBKUX BUACOCTPaHMLY NporpamMa BbINONHAeT us0OpaxKeHNe YacTUY B MpocTpaHcTBe 
B3aUMOfeUicTBMA HeENOCpefACTBEHHO Ha SKpaHe MOHWTOPA, OcyLeCTBNAA scbcdeKT aHMMalIMN 3a cueT 
NEpeMEeWeHNA YaCTMY NO OAHOU - B TO Bpema, Kak C NpeAbiAyiero MecTa 3a6upaetca OHA YaCTMa MU AaHHbli 
nukcen nvOo npuHumaeT YBeT PoHa, nuGo MeHAeT rpagaunlo APKOCTM B CTOPOHy NpwOnwKeHUA K CBeETNO- 
ronyOomy, Ha MecTe C HOBbIMM KOOpAUHaTamu nvKcen nv6o cTaHOBUTCA cBeTNO-rony6bim, mnv6o U3MeHAeT 
CBOIO rpafalvlo APKOCTU B CTOPOHy nNpuoNwxKeHMA K TeMHO-cuHeMy. Ana ycuneHua sdbcbekTra HarnagHocTy 
SHAYCHUA BbIXOAHOW MOLIHOCTU WM @aHOAHOrTO ToKa BbIBOAATCA 8B BUAe ructorpamm. O6oum  cTon6yKam 
FACTOrpaMM COOTBETCTBYIOT CBOU MacluTaOHble ocn (puc.1). Ucnonb3soBanue ruicTorpamm NosBonseT HarnAgHo 
NOKa3saTb Npoljecc Nepexoga npuSopa B yCTAHOBUBWeNCA pexKuM. 


IV. SaknioveHne 


PaspabaTbiBaeman CAMP npegctasnret co6oi cucTemy, NOsBONnsIO”UyIo pa3paboTuukam 3Toro Tuna 
NMpuSopos NpoBoAMTb MOsenupoBaHue Hanna OT BbIGopa 3C u 3aKaHuuBaA NONYYEHHEM TOUHbIX 3HaAYeHH 
uccnefAyembix NapameTpos. Vicnonb3opaHve 8B coctaBe CAIIP HeckonbKux mMonenei - aHanuTuyeckon, 
NpUoNWKeHHON, MHOrOnepvogHOK 9KOHOMYT BpemA, 3aTpayuBaemMoe Ha MPpOBeMeHve YUCMEHHbIX 
SKCNEPUMEHTOB VU NO3BONAeT NPOBOAUTb KOMNNeKCHOe UccnegoBaHve npuGopa. 

MpumeHeHve rpaduyeckoro BbiBoga VHcopmMalun 3HauVTeNbHO yMeHblaeT BpeMA, HEO6xo_umMoe 
Ana oOpadoTkKW BbIXOAHbIX NapameTpoB Mogenv MM NosBONAeT HarnAgHO nmpeACcTaBUTb BeCb npouecc 
B3aumMofelicTBuA B AMHaMUKe © OT ChOpMMpOBaHVA SNeKTPOHHOM BTYNKM BO ycTaHOBNeHuA CTaL|MOHapHoro 
pexuma. 

Kpome Toro, UcnonbsoBaHve AaHHo CATIP B yYeGHOM npouecce nosBonreT o6yyatoliMMca Bonee 
NONHO O3HAKOMUTbCA C METOAMKaMU MOsenupoBaHvA CBY mpu6opos AaHHOro Tuna; AeTaNbHO, War 3a WaroM, 
PaCCMOTPeTb NPOLECCh! B3IAMMOAeKCTBMA; VCNONb3yA scbdext aHuMaLIMU NpocneAUTb Npoeccb!l HapocTaHnaA 
W chaga BbIXOQHOM MOLUHOCTH UW @HOgHOrO ToKa, NPouecch! O6pa3s0BaHUA SNeKTPOHHON BTYNKU Mv CnuU. 

PAQ CTPyKTYPHbIX SMeMeHTOB AaHHo CATIP yxe vucnonb3yeTca cTygeHtTamu Npuv BbINONHEHUMU 
naSopaTopHelx “ KypCcoBbIxX pa6oT no AucUMNnuHe 'MaTematuyeckue mogennu u CAMP snexTpoHHbix npuSopos 
VY YCTPCHCTB' B XAPbKOBCKOM TEXHUYECKOM YHVBEPCMTeTe PaAMOSNeEKTPOHNKH. 
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DEVELOPMENT OF MAGNETRON AMPLIFIERS CAD AND ITS APPLICATION TO 
EDUCATIONAL PROCESS 


Vasyanovich A.V., Baranov D.A. 
Kharkov State Technical University of Radioelectronics, 14 Lenin Ave., Kharkov-310726, Ukraine 
fax: 0572 409113, e-mail: Baranov@office.kharkov.ua 


The magnetron amplifiers CAD being developed includes a number of models of various complexity and purpose: 
analytical, approximate and multiperiod (using a “large paticles” method). Moreover, the delaging systems software is the 
CAD component. A number of programs using new capabilities of Fortran-90 standard were developed to make the process 
which takes place in the device, obvious. The given programs allow to represent the particles distribution in the interaction 
space, to present the device output parameters in plots and histograms, etc. One of subprograms, using the animation 
effect allows to understand the processes of physics deeper, to observe the formation of electron needle, bush, adjustment 
of output power and anode current. Application of the given programs in the educational process raised the quality of 
students education. 
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AxHomayuA - YkasbiBatoTcA OCOGeHHOCTM pa3sBUTHA CNYTHMKOBbIX TeFeKOMMYHUKAL|VOHHBIX CUCTEM Ha Yxpanne. 
OBO0CHOBbIBaIOTCA AKTYANbHOCTb CO3QaHMA VM 3aga4u HOBO cnheynanbHocTu “CnyTHHKOBbIe TENEKOMMYHVKAL|MOHHbIE CHCTeMbI U1 
TexHONOrMu". PackpbIBalOTCA HanpaBmeHHOctb MW saga4n M3y4eHHA TexHuKn CBY B pamkax 9TOM CneyuManbHOCTH. 


l. YCnoBMA CO3MaHMA KM pasBUTUA CNYTHUKOBbIX TEMeKOMMYHMKAalMOHHbIX GMCTeM 
Ha YkpanHe 


OOnagatoiwjaA SHaYVTeNbHbIM HayYHbIM MW MpOvV3BOACTBeEHHbIM MoTeHyvanom YkpavHa B CBA3N Cc 
TPYAHbIM =SKOHOMUYECKMM —NONOKEHNEM, OAHOCTOPOHHUM pa3BUTMeM MPOMbILUNeHHOCTH (oTCyTCTBYyeT 
NPOM3BOACTBO CBASHbIX KOMIMNEKCOB B WENIOM) MW APYTUX CPakTOpOB 3HAYVTENbHO OTCTaeT OT NepefoBbIX CTpaH 
Mupa B OONacTH TeneKOMMYHUKalM, B TOM YUCNe CNYTHVKOBbIX. MpYMepOM MOXET CMYKUTb TOT cakT, YTO 
Takve CTpaHbi Kak VipaH, Typuva, VngoHe3sua uv ap. peTpaHcnupyloT Yepes KocMMYeCcKMe annapatb! (KA) no 
HECKONbKO CBOUX TENEBM3KOHHbIX NMporpamMM. YkpavHa %Ke HE WMEET HM OAHOM cnelMannu3suposaHHoy 
TENEBU3SMOHHOU NepeAatoujen 3eEMHOUW cTaHlWn gna pacnpegeneHuA rocysapcTBeHHbIX TeNneBU3VOHHbIXx 
nporpamo. 

Pa3BuTve CNYTHUKOBbIX TENEKOMMYHUKAUMOHHbIX CucTeM (CTC) Ha YkpanHe ocnoxKHAeTCA: 

- CNAQOM NPOK3BOACTBA SNEKTPOHHOK KU panuoTexHnyeckok npovyKuun; 

- COKPalueHUeM FocyfapcTBeHHOrO dunHaHcupoBaHuna CTC; 

- HE{OCTATOYHOU KOOpAMHalMen AeATeNbHOCTM rocyAapCTBeHHbIX BeslomcTs (MMHUCcTepcTBa CBA3H, 
HKAY, CHnOBbIX MUHMCTepcTs VM AD.); 

~ VHCPOPMaLIMOHHbIM FONOZOM - CKyQHOW HayYHO-TexHVY4eCKo VHdopmaLvei U TpyAHOCTblO co3zaHuA 
yueOHO-MaTepvanbHon Ga3b! B BYS3ax: 

~ OTCYTCTBNEM CUCTEMHbIX HUM no npoextupopaHuto CTC: 

- HENONHLIM COOTBETCTBNEM HalMoHanbHoK TaOnuubt YactoT PernameuHty Pagquocersu: 

~ OTCYTCTBNEM COOCTBEHHbIX YACTOTHO-Op6UTaNbHbIX Nosuyni KA Ha reocTaLMOHapHok op6utTe vu Ap. 

Mpeogonenve  9TUX TpyAHOCTeH HanpAMyiO CBA3@HO 8 6©C) §=6HeOOXOAMMOCTbIO. ©NOsroTOBKY 
COOTBETCTBYIOLUMX CheELUNaNUCcToB. 

K cbakropam, Ccnoco6cTByrolWm cbopmupoBaHuio U pa3sBuTiio CTC Ha YKpavHe OTHOCATCA: 

-ocTpan HeoOxogumMocTb B pa3BuTuw TeneqoHHbix  cetel oOwero 8 nmonbsoBaHua, 
oOuwjerocyfapcTBeHHOM ceTH nepemayn AaHHbIX Cc fapaHTupoBaHHOK G6esoriacHocTbIOo CBA3U, CUCTeM 
pacnpenenenua uv AocTaBkiu TeENeBU3KOHHbIX Nporpamm; 


- AKTHBU3aLUA KOMMEepHecKUX CTpyKTyp uM CI] Ha pbiIHKe ycnyr cBa3n (VHcboKom, PomaHTuc-YKpanna, 
BaHKOMcBxA3b, Teocat ...... ); 


-MpeANoxKeHnA 3apyOexkHbIX KOMMAHYA NO COBMeCTHOMy co3sfaHvio uM aKcnnyatTayuuu CCC 
(TnoOanctap, TOMA - Estencat, Bankancat....): ee 

- cormmaiueHne c Poccne no KocmuYecKoK MEATeENbHOCTM: 

-Hanuune Ha YkpavHe CeTH KOHTPONbHO-vaMepyTerbHbIX cTaHyni (Esnatopua, AyHaeBubl, 
Cumen3.....); 

- OpraHv3ayna B YKpTenekome nogpa3snenenua YkKpcBAsbcnyTHMK uv YKpKOcMoc B HKAY: 

- paspadotka HKAY Hosoi HaluMOHaNbHO NporpamMbl KOCMUYeCKON AeATENbHOCTH VM NpoekTa EguHon 
CnyTHuKoBou Cuctemp! Mepegaun Uncbopmauun: 

- HANMYNe CEPbE3HbIX HAYYHbIX WKON (JibBOB, XapbKoB ~ SNEKTPOAMHAMMKa MW AHTEHHb!, SNEKTPOHNKA: 


KueB - MUKpoOsnexkTpoHiKa, ONbIT paspa6oToK paguotexHuyeckoro obopygoBaHur; LHenponetposck - onbiT 
CO3fJaHMA KOCMUUECKHX annapatos 4 Ap. ). 


ll. OnpegeneHne HanpaBneHHocTy u nyTekK noproTosKn cneuManuctoB no CTC 


COBPEMEHHbIe CNYTHMKOBbIe CUCTeMb! CBA3M - 3TO BbICOKOTEXHONOrMUHbIe CUiCTeMbI, B KOTODbIX 
BONNOWEHbI CaMble NepegoBbie AocTuxkKeHVA B OONacTM Mepenayn YWHchopmaLinu, PaANOsNeKTPOHUKY, 
nporpamMuHoro o6ecneyeHuA KpYNHbIX ABTOMATH3VPOBaHHbIX CUCTeM, 3aLUIMTbI “Hcbopmaunn uv Ap. MoxHo 
OTMETUTb ABE OCOGeEHHOCTH Pa3sBUTHA STUX CHCTeM. 
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Neppas - sTO GoNnbuUaR pa3sHOpOAHOCTh CNOXKHbIX HAYYHO-TEXHVYECKMX 3aMa4 PasNV4HbIX BUAOB, UX 
COBEPWEHCTBOBaHNA (NPUMepbI: AKHaMMueCKaR KOMMYTaLI“A Licbposbtx noTOoKoB Ha Gopty KA; MHoronyyesbie 
Q@HTeHHbi = =8=C 8 =e epeHallenvBaeMbIMY NyYaMV MW YCNONb3sOBaHve NpaKTHYeCKW HEHANPaABNeHHbIX AHTEHH; 
M@XCNYTHUKOBbIe NYHVAM MUNMMeTpOBOore AManasoHa; pyuHble paguoTenedoub! ANA HV3KOOP6UTaNbHbIx 
CUCTeM; AK*dPepeHUyMaNnbHble Pe KUMb! CNYTHUKOBbIX PaQMOHABUral|MOHHbIX CUcTeM HM Mp.) 

Hapaay c STVM WMeeT MeCTO HW BonbUJaR OBLUHOCTh HAaYYHO-TEXHUYECKHX PCLWWEHUM B pasNVyHbix 
CUCTEMaXx: METOAb! NOBbILUGHMA MOMEXOYCTOMUUUBOCTN, CUHTe3a YaCTOT, paOoTa OAHMX U TeX Ke TEPMUHANOB B 
COTOBbIX M CNYTHUKOBbIX cucTemMax can3snv (TnoSanctap, Upugnym), ConpakKeHMe CBA3HbIX W HaBVTaL|MOHHbIXx 
KOMMNEKCOB B ODHOM MOOMNbHOM OObexTe VAD. 

B 9TUX YCNOBUAX BeCbMa aKTYAaNbHOW CTaHOBUTCA 3a9a4ua NOATOTOBKM CNelMalIMCTOB TIO OCHOBaM 
noctpoeHna, OOecneyveHuio PYHKLUMOHMPOBAHUA, CNYTHUKOBbIX TeFIeKOMMYHMKALIMOHHbIX CUCTeM MW MeTONaM 
ABTOMATH3MPOBAHHOrO MPOEKTMPOBAaHMA COOTBETCTBYIOLLIUX CeTeM, PagVoNUHM WU UX SNEMeHTOB, a TalwoKe No 
TEXHUKO-3KOHOMUYECKOMY aHanusy cuctem. 

BaxkKHeVLWUMY =COCTABHbIMA YaCTAMM NPOeKTMPOBaHMA CUCTeM RABNAWTCR: onpeneneHue 30H 
oOcnyxUuBaHVA MU O6ocHoOBaHMA BbIBopa op6utTanbyHow rpynnuposKu KA; Heo6xogumol MpONYCKHOU 
CNOCOOHOCTH CUCTeMbI; BUAOB, MeTOAOB WM KayecTBa mepefaun uHcbopmaluu; oGecneYeHne Hage xKHOCTH 
CUCTeEMbI, TOUHOCTY yoepxaHuaA KA Ha op6uTe vu HaBeQeHUA AHTeHH, SHEPreTWYeECKOrO NOTeHWMaNna CUCTeMBI, 
SKOHOMMYeCKOW §=adcbexTMBHOCTH, a TakwKe cobniogeHve pekomeHfauvi MexayHaponHoro  cowsa 
SNeKTPOCBA3M, skKONOruYeCcKUX THNE6oBAaHNM. 

TpeOyembiv nepeyeHb 3HaHW MV HaBbIKOB OOycnaBnuBaeT HEOOXOAMMOCTb CO3HaHuA HOBO yueOHON 
CNELIMANHOCTH “CNYTHUKOBbIe TENEKOMMYHUKAUWOHHbIe CiCTeMbI MW TexHonoruu” (CTCT). B HacTomLuee BpeMsA 
ee yueOHbI NaH HaXOAVTCA Ha paccmoTpeHuu B Muxuctepctpe o6pasopanua YKpanHbl. 

OcHOBHaR NpodeccvoHaNnbHO-OpveHTUpOBaHHaA NoproToBKa cnelManuctos no CTCT, c Halweri 
TOUKU 3PeEHHA, AOMKHa OCYLUECTBNATbCA B Npoljecce obyyYeHvA Mo cneAyouwwmM 15-TH AUCUMNNHaM: 
TenekOMMYHUKaL|MOHHble CeTH Uv ux OGopynoBaHue, TeopuA nepegauu curhHanoB B CeTAX CNYTHMKOBOM CBA3H, 
MpvemHo-nepenatouve ycTpolictBa CNyTHUKOBbIX paguocucTem, CucTemMb! paguvopenefHow u coTOBON cBA3H, 
CucteMbl aBTOMaTM3upoBaHHOrO NpoeKTUpOBaHMA gnemeHToB CTCT, OcHoab! pacueTa MUKDOBONHOBbIX 
YCTPOUCTB CNYTHUKOBbIX CUCTeM, OCHOBbI pacueTa AHTEHH M CNYTHUKOBbIX paguonuHui, OcHOBb! NocTpoeHuA Ui 
TEXHOMOMMM CNYTHUKOBbIX PaAMocucTeM, SeMHbie CTaHWMM MU BopToBble peTpaHcnaATopbl, CnyTHMKOBbIe 
CUCTEMbI CUKCUPOBaHHOK MW pagMoBelarenbHOn cnyK6, CnyTHMKOBbIe CHCTeMb! CBA3A C NOABYDKHbIMU 
oObexTamu, CnyTHVKOBbIe CUCTeMbl pafvoHaBuralMUA YU AVCTaHUVOHHOrO vccnenoBaHnuar Semnu, 
ONeKTPOMArHUTHAA COBMECTUMOCTb WU MeKAYHaPOAHaR KOOPAVHALMA CNYTHVKOBLIX KOMMYHIAKALIUOHHbIXx 
cucTem, OcHoBb! NpoekTMpOBaHVA MK SHEpreTUYeECKU PacHeT CNYTHUKOBbIX TENEKOMMYHVKALIVOHHbIX CUCTeM, 
Salta VHCbopMalMl B CNYTHUKOBbIX TENEKOMMYHUKAUMOHHbIX CUCTeMaX. 

OcoSoe BHUMaHNe Np U3yYeHUN BCeX AVICLIVNNVH AOMKHO OOpallaTbcr Ha BONPOCb! MexKAYHAapOAHON 
CTaHAapTM3ayWY UW CepTMduKallMn annapatypHbix KOMNNEKCOB, a TAKKE NPOTOKONOB UX B3aNMoeNcTBUA. 

fipv otpaSotKe yue6HbIx nporpamM vcnonb3yloTcA pesynbTaTb! paboT NO MeXxKBY3OBCKUM Hay4Hbim 
nporpamMMam MW npoektam FKHT Yepanubi. 

OcBoenve B paMkax OAHOM cCneuyManbHOCTM WKMpoKoro Kpyra BONpocoB, OT pacueTa OTAeENbHbIx 
SNEKTPOHHbIX UW STeKTPOAMHAMUYECKMX Y3NOB 4O NPOSKTUPOBAHYA KOMMFeCKCHbIX ChYTHUKOBbIX CUCTeM, Ppe3KoO 
MOBbILaeT MOTUBalMtO UW 3cPPeKTUBHOCTh obyYeHuA. GTomy cnocoOcTByeT To O6CTOATEMbCTBO, HTO 
obyyalolan cpefla - NokanbHas ceTb OBM, cpegcTBa AUCTaHUMOHHOrO oByYeHuA MW NonyYeHuA wHdopmauun 
MO CNYTHUKOBbIM KaHanam CBA3U COCTaBNAHT OpraHVuHoe CAVUHCTBO C NPeEAMeTOM W3YYeHUA. 

CnenyetT OTMeTWTb: YTO BBeAeHKe cnelyWanbHocTh CTCT wHuuvupopaHo HKAY wHa_ ocHose 
AeucTayousero cornalueHua mMexay HKAY uv Muxuctepctsom o6pa30BaHua. 


Ill, HanpaBneHHocT, nogroToBKu no TexHuke CBY uv Mepbi No ee CoBeplIeHCTBOBAaHHIO 


PassuTve CTC uw 3afjayun o6yyeHuA no cnelWanbHocTM onpegenalT cnenyioulyio HanpaBneHHocTp 
NOATOTOBKUM CTYDEHTOB MO TexHuKe CBU: 

ycBoeHue cu3snyueckux ockoB paboTtb! npuOopos u yctpovicts CBU 6opToBbix~peTpaHcCNAUNVOHHbIx 
KOMMNEKCOB VW 3EMHbIX CTAaHUN; a TaloKe OCOGeHHOCTeM MX KOHCTpyYKUNH MW aKcnnyatTaunn: 

YMEHNE NPOVU3BOAUTb Pal|MOHaNbHbIA BbIOOp ycTpoicta CBU (B Tom Yyucne Nnpov3sBoguMbIx 
3apyOexkHbIMY dupmamnu) no Komnnekcy Tpe6osaHuii K NapameTpam MW XapaKTepucTuKaM Npvemo-nepeparolunx 
YCTPOUCTB M AHTEHHO-CULZEPHbIX CUCTEM; 

OCBOCHNE HABbIKOB AaBTOMATHM3MpOBaHHOrTO NpoekTMpoBaHuA ycTpolictB CBU c ucnonb30BaHnem 
COBPEMEHHbIX NakeTOB Nporpamm; 

YMEHNME NPOV3BOAMTb V3MepeHve XapakTepucTuK VU NapaMeTpoB yoTponcTs. 

MogroTopka cTyAeHTOB No TexHuKe CBU B TpagulVoHHbix Kypcax B HACTOALee BDeEMA HE B NONMHOH 
Mepe oTBeYaeT 3TUM TpeOoBaHuaM. IlpeacTtaBnretca HeEOOxoQUMbIM YNYYWUTh: 

NOArOTOBKY MO OOLWeHayYYHbIM MU OOWIeYHKeHEPHbIM AMCLMNNMHaM (B YacTHOCTM flO paafenam 
KoneOaHua Ww Bonnb!, TeepgotenbHar anekTponuka (BKMIOUaA CyYHKUMOHaNbHyto) Vi Ap.), a TakoKe No MeTonaMm 
PeWeHMA yoaBHeHui MakcBenna 4 3agay BHYTPeHHeM SNeKTpOAMHaMUKK; 

B3aUMOCBA3b =cOgepKaHuA OakanappaTcKux gAvclunnuH (Du3svy4eckne OCHOBbI 3NEKTPOHHbIX 
annapaTos, OCHOBbI MHKDOaNeKTPOHMKM UW ADp.); 

naOopatopHbid NpakTVKyM MW HABbIKA aBTOMAaTM3MPOBaHHOrTO NpoeKTupoBaHuA ycTpolictB CBY Ha 
OCHOBE UCNONIb30BaHMA BO3MOKHOCTeK NPeANPURTUM BNeEKTPOHHOU VM pagNOTeXHUYeECKOM NPOMbILUMNEHHOCTH; 
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cofepxkaHue yueOHbIx nocobun u meTosMyecKux MaTepvanoB no ycTpoiictpam CBU, ocoGeHHo B 
YACTM, KACAIOLUGKCA UX ABTOMATU3NPOBAHHOFO NpoeKTMPOBaHMA. NPM STOM KeNnaTenbHo OObeANHeHVe younni 
NnpenogaBpatenenw HECKONbKMX KOSINEKTUBOB: 

VMHCOpMaLiMOHHOe O6ecneyeHve mpenogaBaTenbcKoro cocTaBpa, B TOM wvCcne Ha OcHOBe 
UcnONb30BaHMA cucTeMbI Internet, monyYeHvuA XypHaNbHOK nmepvoguKn, Oonee wupoKoro yuyacTuA B 
KOHMePeEHUNAX, KOHKYpCcax, BKMOYaR MeKOYHApODHble. 

B 3aKnoueHve OTMETUM, YTO xOopolwan nogroTtosKa no TexHuKe CBY HeoG6xogquma He TONbKO 
cneyvanuctam CTC, HO M TeM, KTO 3aHMmMaeTCA NpoeKTVipoBaHvem M akeninyataliuei panvopeneiHblx, 
TPONOCCPEpHbIX MW COTOAbIX CUCTeM U CeTel CBASU. 


FEATURES OF STUDY OF A MICROWAVES TECHNOLOGY WITHIN THE FRAMEWORK OF 
A SPECIALITY “SATELLITE TELECOMMUNICATION SYSTEMS AND TECHNOLOGIES” 


Ilchenko M.Ye. 
NTU of Ukraine “KPI”, Kiev-252056, Ukraine 
fel. 274-62-13 
Lipatov A.A., Oleynik W.F. 
SC KMIOC, Kiev-149, Ukraine 
tel. 291-25-45, fax: 290-41-73 


Microwaves technology is one of the main directions of training on the new speciality of NNTU “KPI” “Satellite telecommunication 
systems and technologies” (STST). The interrelation of problems of contents and distribution of study time onto three groups of 
STST disciplines: general science and engineering, “Electronic apparatus” bakalawrat group and professional oriented group, has 
been covered in the present paper. The contents of the working programs and developing ones on the following subjects: the basis 
of radio-electronics, technical electrodynamics, the foundations of designing of microwave and antenna devices of Earth stations 
and transponders, automation of STST designing, transceiving devices of satellite systems, the designing foundations and 
energetic calculation of the satellite telecommunication systems, etc. were described. The community of microwave devices in 
satellite, radiolink, tropospheric and cell communication systems has been underlined. The state and perspectives of MT devices 
production in the Ukraine as well as their influence on studies have been estimated. The problems of creation of modern laboratory 
base and preparation of the manuals on STST are marked. 
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KOPOTKOMVMIYIbCHAA CACTEMA 
HBYXCTOPOHHEM NEPEDAUM 
TENEMETPUYECKOU VH®OPMALIUN 


B.E. Vsawyx, B.. Mpoxopexko 
HUW PST “TOP”, 252056, Kuee-56, np-m [lo6edbi, 37, KTI-4020 


AHHOTayuA - KopotkoumnynbcHas cuctemMa cBA3M Nnpegctasnnet coG6oi CBEPXLUMPOKONONOCHOE YCTPOMCTBO, 
Vcnonb3yioujee ANA NepemayA MHChOpMalivU BYAeONMNYNbCHbie CUurHanb! (HaNpHMep, rayccoBo cbopmbl). Yaenuyexve 
CKPbITHOCTU U NOMEXO3aLMULEHHOCTH TaKO CUCTeMbI CBASM AOCTUraeTCA UCNONb3OBaHveM ChelvanbHoro aHTeHHO-cbugepHoro 
Tpakta. fleTanbHO paccMoTpeHa cTpykTypHan CXeMa KOPOTKOMMNYNbCHOM cucTeMbI CBA3M M oNnpeZeneHb! TpeSopaHun «K 
OTAENbHEIM ee y3nam. [lpeanoxkeH anropuTM pa6oTsl cucTeMb! CWHXPOHM3al|MM B pasMVM4HbIX pexvmMax. BbINONHeH 
CPYHKLWOHaNbHbIN pacueT NapameTpoB CHCTeMbI CEASU, a TaloKe NpYeMHO-nepefatowero MOgyNA. 


I. BBeneHue 


KOpoTKOUMNyNbCHaA = cucTeMa cBA3H mpegctasnaetT co6ow ofHy v3 pa3sHosugHocten 
CBEPXLUUPOKONONOCHbIX CMCTeM, VCNONb3ylOlMux ANA nepem“auw Undopmaywu WymonogoOuble curHanbt [1]. 
CnekTpanbHa MNNOTHOCTh W3NYYeHMA, NPY VcnONb3sOBaHUUM WYMOrOAOG6HbIX CMrHaNnOB, MOKeT 6biTb HAaMHOrO 
MCHblwWe YPOBHA LyMa, YTO OGyCNaBNUBaeT BbICOKYIO CKPbITHOCTb VK MOMEXO3ALUMLUGHHOCTbh MOAOGHbIX CicTeM 
CBA3M. 

_  Hawv6onbuee pacnpoctpakeHve B CBepXLMpOKONONoOcHbIX cucTemax cBA3M Nonyuunn JIUM-vmnynbecwi 
Mo MaHMNyNMpoBaHHbie CHirHasibl, 3aKOH WU3MEHEHWA YaCTOTbI (“NU chaabl) KOTOPbIX onpenennetca 
neepgocnyyavihbimu =nocnegoBatenbHoctamu (MCI), KoTopble o6nagatotT xXopowumn  aBTo- 4u 
B3Q@2VMHOKOPPeNALMVOHHbIMM XapakTepucTuKaMM [2]. Vicnonb3oBaHve ICN tpe6yetT TOYHOM YaCTOTHOM vu 
(ha30B0i NPUBA3KM , NOSTOMY MOXKET ObITb PeaNU3OBAaHO VCKMIOUNTEMbHO B KOTEPEHTHbIX CHCTeEMaX CBASM. 
Hanu6onee CNoxKHOU 3afaueli B Takux cucTemax ABNAeTCA OGecneYeHve CUHXPOHV3aLNM. 

YPOBeHb Ppa3BUTUA TeXHVKM reHepupoBaHuA, usNyYeHuA MW OBpa6oTKA MMNYNbCHbIX CVrHaNnoB B 
HacTOALece BpeEMA NO3SBONAECT yTBeEpKAaTb, YTO C TEXHUYECKOM TOUKM 3PeEHWA HET NpenATCTBM K peanusauun 
KOPOTKOMMNYSIbCHOK CHcTeMbl cBA3u [3]. OcHOBHbIe TpyMHOCTH, Ha CefOfHAWHM AeHb, 3aKnoualoTcaA B 
npaBosom oOecneveHun paspaborTKn Mu peweHny npoGnem, CBASAHHbIX C CMHXPOHM3alMen CUCTeMb! CBASH. 


il. OCHOBHAaA YaACTb 


M3BecTHO, YTO MpoeKTupoBaHve nioGo cucTeMbI CBA3M HAa4YWHAeTCA Cc NpoBepKN cOOTBeTCTBUA 
napametpos OyAyiuiero ycTpOMCTBa HOPMATVBHbIM AOKyYMeHTaM. [\vana30oH paBounx YacTOT, MOLJHOCTb 
v3sny4eHuA, THN MOAYNAYMM MW T.f. AOMKHbI ObIT’ cornmacoBaHbl c TocyfapcTBeHHbIM ynpaBneHvem no 
paguoyactotam (TYPU). OgHako HOpMaTMBHbIe AOKYMEHTb! H@ CBEPXLUMPOKONONOCHbIe CHCTeMb! CBA3H 
OTCYTCTBYIOT MV, CHEAOBaTeENbHO, NONYYNTh paspeweHve Ha pa3spaBboTKy NoAOOHOro ycTpolicTBa HepeanbHo. 
EAMHCTBeEHHbIM (Ha Hal B3rnag) BAPVAHTOM pelWeHUA sTOM Npobnemb! ABNAeTCA YaCTHbIN cnyyal cucTeMBt 
CBA3N, MNOTHOCTb MOLHOCTU U3NYYeHWA KOTOPOW HaMHOrO HMKE MUHUMasbHOro ypoBHA, nognexawero 
PaCCMOTpeHud B FocyfapcTBeHHb!xX VHCTAHLVAX. 

PaccMOTpUM BO3MOXKHOCTH peanusalun KOPOTKOUMNYNbCHON CHCTeMbI Nepegzaun TenemMeTpnyecKkon 
vndopmauun, KoTOpan Sb! ynoBneTBopsAna nocTaBneHHomy TpeGoBaHnto. PacueTHOe COoOTHOWeHNMe KaHana 
UMNYNbCHOW CBA3M NPY 3afaHHOW CNeKTpaNbHOK NNOTHOCTH MOLJHOCTH VvanyYeHuR MOxKeT 6bITb NonyueHa 
nyTemM npeoOpasopahur SHepreTuyeckMx XapaKkTepUCTUK B Nonesble. Mpv atom nonaraetca, uTO nepegaiouian 
@HTEHHa ABNAeETCH BCeHaNpaBNeHHOK a TakKe, KaK MU NpveMHaR, OONagaeT KOHeEYHOM uMNyNbCHON 
X@PAKTEPUCTHKON. 


Hanpsxxenve Vr Ha Bxoge NpvMeMHiiKa onpefensieTcaA cnepyIOLMM BbIpaxKeHVeM: 


Vr=l/r- 





roe P -cnektpanbHaa mnotHoctt MOLWHOCTH u3anyYeHuA (Br/Ty), AP’ - LuMpHHa cnektpa usnyyenua (Tu), 7 - 
ANUHa NPYEMHOK aHTeHHbI (mM), Y - paccToAKve MexgzyY NpVYeMHON M Mepenalouied aHTeHHaMU (mM), S - 


paccToAHve, Ha KOTOpom Hopmupyetca P (mM), T - ANuTeNn_HOCTe uMNynbca vanyyeHusa (c), Vv - CKOPOCTb 


nepegaun (6ut/c), N - konvuectBo umnynbcos B ncesgocnyyanHow nocnepoBaTenbHocTy. 
Ecnu cucTema cBA3M NpegHasHayeHa ANA Nepegaun TenemeTpnyeckon wHdopmaLMN CO CKOpOCTbIO 


V=1 KOuT/c C NOMOLIbIO NceBAOCNyYaiHON NocnegoBaTenbHocTbiO (qnuHon N =16) UMNYyIIbCOB rayccoBon 
ChopMb! ANUVTeNbHOCTbIO NO OCHOBaHutIO T=1 He (WWUpMHa cnektpa cnurdana AF =1 Tu), HanpaAxKexne Ha 
BXOfe NPYeMHOM aHTeHHbI ANMHOK / =1 Mw np CNeKTpanbHoM MnotHocTH uanyyeHuA / =1 HBT/Ty (S=1 mM) un 
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paCCTOAHUM MexKgyY NepemaTuuKom Kv npvemHvkom YF =1 KM, npuGnvauTenbHO paBHo 1.1 B. Ecnu 
UYBCTBUTENbHOCTb NpvemMHUKa coctasnseT 10 MB (YTO BNONHE peaNkHC), TO COOTHOLWEHME CHTHaNV/yM, C 
YUCTOM KOFEDeHTHOTO HakONNeHMA, COCTasNnAeT nopaAgKa 65 Ab. 

PaccmoTpym Take Havbonee BaxHyto npoGnemy cbyHK\MOHMpoBaHnA MOOK CBepxUIMpoKONONOcHOM 
CUCTeMb! CBA3M - B3@VAMHYIO CMHXPOHM3auKiO ApvemonepegaTumkoB. VMnynbCHbId XapakTep CUrHasioB, 
VCNONb3yeMbIX B KOPOTKOMMNYNbCHOM CvcCTemMe cBxH3U, NpeAbABnAeT Gonee xeCTKMe TpeOoBaHuA kK 
cTaOVUNbHOCTU NapaMeTpOB YCTPOWCTBa MO CpaBHEHMIO C TPaQVUMOHHbIMVY LUMPOKONONOCHbIMUY CUCTeEMaMi, 
Deanv3OBaHHbIMU Ha OCHOBe rapMOHMYeCKUX HeEcyLMx. Hanpumep, ANA cucTeMb! CBA3U, NapaMeTpbI KOTOPCH 
VCNOMb30BaHbl B NpeAbipywiemM pacyeTe, paboTtarowe no BHYTPeHHUM “YacaM", BpEMEHHOW yxog MexKAYy 
naukamv UMNYFIbCOB He AOMKeEH MpeBbiwatTb 10% gAnuTenbHocTw umnynbca, TO ecTb 100 nc. Tlpu nepuogze 
cnenospanua PCM nocbinok 1 Mc aTO CooTBeTCTBYeT TpeOOBaHVO KDaTKOBPeEMEHHOM BPEMEHHOU CTaOMNMbHOCTU 
nopagka 10’. Tpe6opaHve cTaGunbHocTH MOxKeT 6b!Tb CMATYeHO NpW 3apaHee OroBOPpeHHOM NpoToKone 
o6meHa coo6weHvuamn. B atom cnyyae paccmaTpuBaeTcA BPeMeHHOU yxon MexXAy KpavHumu “vMNyNbcamMy 
nauxu. Tak, ecnw ganvtenbHoctb MICM papHa 10 Mkc, KpaTKOBpeMeHHaA CTaOVMbHOCTb CUCTEMbI 
CUHXpOHM3saliuu NpYemMonepesaTunka AOMKHAa ObiTb He XyxKEe 10°, uto nerko BOCTWKUMO. 

PaccMOTpUM KOPOTKOMMNYNbCHyIO ChicTemy CBA3VY, peanu3zoBaHHy!0 NO Tononorun “sBe3qa". TaKToBble 
reHepaTopb! BCeX NpuemonepenaTHVKOB CHHXPOHM3UPylOTCA No YacaM LEHTPaNbHoro MOopynA. CucTema CcBA3U 
npeanonaraet KenpepbIBHOe U3NyYeHNe CHHXPOCUrHaNnoB, KOTOpble Tak Ke, KaK MU MHCOPMaL|MOHHble CHIHasibt, 
cnepytoT no 3aKoHy NCNM, BpemeHHble WHTepBanb! MEXAY CMHXpO-, MPWYEMHbIMM UW NepeAaouwjWMi CurHanaMu 
OroBapuBaloTcA NpeABapuTeNnbHO. Cuctema paSoTaeT B HENpepbIBHOM pekume, BPEMEHHbIe UHTEpBalb! MEKAY 
MCN cunxpouuaayun, MCN npvema u MCN nepegauv safaHb! COOoTBeTCTBEHHO C MPOTOKONIOM OOMeHA. 

Flpoyecc BXOxXQEHVWA B CHHXPOHW3M NpegACcTasnAeT oTAeNbHylo 3afayy. MIpu BkKNOYeHNM CUCTeMbI 
(6bIcTpoe BXOKMeHMe) LEHTPANbHbIA MOAyN’ NocbinaeT MCN cuHxpoHusaywy, cnepyrouyme c Mano“ 
CKBaxKHoCcTbIO (2...10). Bce mpvemonepefatTunKu HacTpavBaloTcA B cucTeMy eAMHOrO Bpemenu. flanee 
CKBAKHOCTb YBEMMNUBaAeTCA C MNAaBHbIM BbIXONOM Ha WTaTHbIN pexXUM. OTO NO3sBONAeT KOMNEHCKMPOBaTb 
COBCTBEHHbIE 3aDEPxKKN pacCNpocTpaHeHMA VMMMyNbCOB M3-3a Pa3HOCTM PaccTOAHUM MexKAY UCHTPalbHbIM 
monynem VW npvemonepesaTunkamy. 

Bsog oTAenbHOoro NpvemonepepaTuuka B paboTaolwyio cucTemy (MeAneHHoe BXOKAeHVe) MOKeT 
6biTb BOBONBHO ANuTenbHbIM, Tak Kak NMpesNonaraeT NonepemeHHoe CKAaHUpOBaHNe TAaKTOBOW YaCTOTb! Vu 
BpemMeHHon sanepxKy NCNM. Anroputmet Gbictporo ycTpaHeHuAr O6euX HEOMHOSHAYHOCTeM B HACTOALeEe BPEMA 
He OTPaOOTaHbl. 


lil. SaxnmroyueHne 


VanoxeHHble B paGoTe coo6paxkeHVA NO3BONAIOT CAenatb cnegyrouine BbIBOAbI. KopoTKOMMNyNbcHan 
cucTemMa CBA3H MOxKeT ObiTb VCNONb30BaHa ANA oOpranv3al|uv HU3KOCKOPOCTHOTO KaHana ANA nepegaun 
TenemetTpuyeckoHh wHcdbopmaynnu Ha HeOoNMbluve paccTOAHMA 6e3 HapyiweHWA  cCyLeCcTBYyOLYero 
3axOHOMAaTeNbCTBa B OONAcTH paguocBaAsu. 

CUHXPOHV3aUMA CUCTeMbI, peanu3soBaHHoW no Tononoruu “sBe3Qa" wv paOoTalolias B HENpepbIBHOM 
KOTEPEHTHOM pexKVUMe BO3MOxXHA MPM HAaNMYWYN NMpoTOKONa OOMeHa C NpesABapUvTeNbHO OFOBOPeHHbIMH 
BDEMEHHbIMU VHTeEPBaNnaMy MeEXKAY CUHXPO-, MPVEMHbIMY VW NepegalOolLuMMy CHrHanamn. 


iV. Cnucok nutepatypb! 


[1] Bapaxur B.B. Cuctemb! cBA3v C UCnoONb30BaHuem WYyMOonogoGHb!Ix curHanos. - M.: Pagvo u cBAab, 1985. - 440 c. 
[2] Aukcor P. LWupoxononocHble cuctembt. - M.: Mup, 1981. - 381 c. 


[3] Weauyk B.E., Mpoxopenko B.f1. KopoTko“mnynbCHan CHCTeMa KOHuAeHMaNnbHou cBAsn // PagquosnekTpoHuka. - 1995. - 
Ne 8.-C. 74-76. (3B. Bbicw. yue6. 3aBeneHuy). 


IMPULSE RADIO TWO-WAY TELECOMMUNICATION SYSTEM 


lvashchuk V.E., Prokhorenko V.P. 
SRI of Radioelectronics Equipment “TOR” at NTU of Ukraine “KPI”, KPI-4020 
37 Pobedy Ave., Kiev-056, Ukraine 


impulse radio communication system is the spread-spectrum system based on video-pulse signals transmission and receiving. 
Increasing of the system security and interference immunity is achieved with antenna-feeder system using. The system functional 
structure is considered in detail and requirements to the separate blocks are determined. The algorithm of impulse 
telecommunication system synchronization is proposed. Functional computation of the system and transceiving modules are made. 
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TpexsatTrTaelit IMaennbll hepeqarank euuMeTpOBbiX (JINN BOJIH 


A.M.Kemna”™, B.B. Peyap**, 3.B.Tyg@aney™, IO.H.Xomenko * B.H.Tuamue™ 


* JToeoecKutl HAYYHO-uccnedosamenbcKuu paduomexHnuyeckull UHCMUMyM, 
290060, JIoeo6, yn. Hayunaa, 7. 

** Tocyoapcméennoii yuueepcumem "/lbeo6cKad NONUMeXHUKA’, 
290013, oeoe, yn. Mupa, 12. 


AnHoTauna 


IIpupeqena crpykTypHas cxema JIMHeCMHOTO MpweMonepeaT4unKka Jie- 
IMMeCTPOBBIX JJIMH BOTH. OTMe4eHbI OCOOCHHOCTH pa3paboTKH H pacueTa 
TpeCxBaTTHOLO JMHeEMHOLO YCHIIMTeA MOWHOCTH Ha Yacrote 830 MI c no- 
mocov nponyckaHna 30 MI uy. Kosdduunert ycunenua cocrapnaer 50 ab. 
Iloqapjenue Ha CM@XKHBIX YaCTOTAX, OTCTOAMIMX OT Hecylel Ha 50 MIy u 
Oomee, cocraBiAeT 55 WD. 


I. Beenenne 


[pu nepemaue WIMpOKOMOJIOCHbIX HIM MHOMKECTBA y3KOMOJIOCHBIX 
CHTHAJIOB 3A4aCTYIO HEOOXOAMMO OOECIICYUMTh BbICOKYIO H30MUPAaTeIIbHOCTb HU 
JMHCHHOCTh WpwemMonepenaroinx wenel. Ja yMeHbileHua MepeKpecTHbIX 
TIOMeX 3TO OCOOeCHHO BAXKHO MPM Mepewaye TeyleBH3HOHHBIX CHTHAJIOB, a 
TakKKe B MHOTOKaHaJIBHbIX TeNIC(OHHbIX AYMJICKCHbIX CHCTEMAX CBA3H. 

OGecneuenue IMHeMHOCTH NepexaTunka B TWHAMMYeECKOM JHMaMa30HeE 
40-50 ab c BLIXOHHOH MOUIHOCTHIO NopsaKa CMH BATT HakJIayblBaeT He- 
KOTOpble OCOOCHHOCTH pu pa3spaboTKe MarO3aTpaTHOH almapatypbsl. 

AsTopaMu lipeyiaraetca BapwaHT Mpocroro mpuemoneperarwero 
YCTPOHCTBA CO BCTPOCHHbIM TPeXBaTTHbIM YCHIIMTeIEM JelMMeTpOBOTO 
jWwana30Ha JUIMH BOJIH. | 


If. OcoOenHocTH TexHM4eCKOro pelieHnA 


buIOK-cxeMa MOCTpOeHHaA pweMoMepenatomlero ycrpoiicrsa mpuBe- 
mena Ha puc.l. [pwanumaemplii apTeHHow A2 curuan uacroroH 830 MIu 
yepe3 (uILTp 1, TpexBaTTHbIM ycumuTenb, buIbTp 9 u3Iy4aerca AHTeEHHO 
A2. Wpwaumaembiii anTtenHoli A2 curnan 4acroTro 880 MI yepe3 dusstTp 
10, ycummTenb 8, DuneTp 7, ycumutTerb 6, dusbTp 2 u3ilyuaerca AaHTeHHOL 
Al. Coorsercrsytoulee coequneHue (dbumbTpos |, 2 Mexay cobol u noz- 
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Ko"eHHe HX kK anTeHHe Al o6pa3yer gunmexcep |. Tunmexceppr |, 2 pa3- 
WeNAOT CHPHAIbI IIPHeMHbIX WH Nepearoulux Yacror. 

Kosbuynert ycurenus B wWemm curnaza uacrorom 830 MIu 
orpanvunBpaerca KOSMPUUNCHTOM OCTAaOUeHUA ero B Wen CMrHasla YacTo- 
roi 880 MI u HaoGopoT, HHaye MpHemonepedaTunkK CaMOBO30yIIMTCS. 
Oro orpaHideHbe paclipocrpausAeTca H Ha CliCKTP 4ACTOT, WexKauIMx MOK 
HMMM. , 

Takum o6pa3om, KoxpPuIMeHT youseHHA Ha OOOK YacTOTe B LWern 
"a" "6" "a" (ipu pa3opBaHHon cas3u "a", "B") OIOKeH ObITD MeHbIIe enH- 
HUILbI. 

Ycrou4HBOcTh MpwemonepenaTunka ocTuraeTca MyTeM BBeCHHA 
BbICOKOHOOpOTHBIX (PUJILTPOB YAPOWeHHOHW KOHCTPYKUMU Ha CIMpasIbHbix 
pe3soHaTopax. KoncrpykTusuo dumptppi |, 2, 7, 9 npeycraBmaioT cool mo 
{Ba CIMPaJIbHbIX Pe30HaTOPA, 3AKIIOUCHHEIC B KBAPAaTHbIe 3KPaHyl. 

Cyrelyer OTMCTHTb, YTO B3AMMOMHAYKTHBHAA CBA3b MOKTY CiUpasib- 
HbIMH pe30HaTOpaMU B (UIbTpe OCYLICCTBIIACTCA NOHWKCHHCM BBICOTHI 
9KpaHMpyOlleH MeperopOAkKH CO CTOPOHbI He3a3CMJICHHbIX KOHIOB, 4TO 
WaeT BO3MO2XKHOCTb JOCTYNHO HM WwaBHO peryIHpOBaTb LCHTpasJIbHy}!O 
yacToTy H POpMy XapaKTepHCTHKU PUIbTpa. 

C ieubIO NOTaBNCHHA LWIYMOB TpexBaTTHOTO TlepewzaTyHka Ha BXOJIC 
pvemuHoro ycunutena 8 ycraHOBJIeH Tpexpe30HaTOpHEI umbrp 10. 
JImnamuyeckuit auana30H uw ycToiunBat padoTa lpMemMonepesaTunka 
oOecnedHBaelca OMpeeNeHHbIM BLIGOOPOM BEIMUYNHSI WOKACKAHOLO KOIp- 
(puUMeHTa ycuIeHua ycuMTenet 3, 5, 6, 8 H MeECTOM yCTaHOBKH (PHIIbTPOB. 

IlpHHlmMnuanbHad cXxeMa TpexBaTTHOrO yCHIMTelA 5 TipHBeyeHa Ha 
puc.2. Jat yBeIM4eHHA JMHEMHOCTH THHAMHYECKOM XapakTepUCTHKH BBe- 
JICHbI OTPHUATeNbHbIe OOpaTHbIe CBA3H B IMHTTepHbic UM OasoBble Lely 
Tpau3ucropos T!, T2, T3, T6, T7. Nepssre tpu Kackayla paOoTaroT B pe- 
*xumMe A, 2Ba mociemqHux - B pexumMe AB. B nocneqHeM kackayle mper- 
yCMOTpeHa 3allutTa TpaH3sucropa I7 OT 4pe3MepHOrO YBeIMYCHHA KOJIICK- 
TOPHOLO Toka. . 

IipHMeyarenbHo, 4TO pexuM TpaH3ucTopoB T6 u T7 nofo0pan 
craOvuM3aTOpaMH TOKa TaKHM O6pa30M, 4TO OOecrIeuHMBAaeTCA NPakTH4ecKH 
MOCTOAHCTBO KOIPPHLUMeHTAa YCHICHHA YCHIMTeNA 5 IpH W3MCHEHHH BXOD- 
HOrO curHasra Ppx. 


Il. Pesy7TaThi 9kcnepHmMeHTa 


UncieHHble XapakTepHCcTHKH MpHeMoOrepemaTunka B WeIOM MpHBe;e- 
HbI Ha puc.|. Ha puc.3 mpuBeneHbI YaCTOTHbIe XapakKTepHCTHKH Koop puun- 
CHTOB Mepeqauu B Wen MeKTY WByMa aHTeHHamu. [lyHkTupom obo3HayeHa 
pesyIbTUpyroliad XapakTepHcTuka. 
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IIpu orcyrcrsuu BxOWHOrO cHTrHasia Pgx younurenb 5 noTpeOsaeT TOK 
150 MA no nenu 24 B u 130 MA no enn 12 B. B pexume HOMHHAaIbHOrO 
BXOQHOLO CHIHasla BbIXOMHaA MOLIHOCTh ycunurensa 5 cocrapyaer 3 Br, a 
noTpeonsembilt TOK - 0,7 A no wenu 24 B nw 0,23 A no yennu 12 B. Tlonoca 
mponyckanna - 30 MI uy. Kos@duunent ycusenna - 33 wb. 

JunamMuyeckad XapakrepHcruka ycumTens 5 mpHBeneHa Ha puc.4. 

@MUJIbTpbI Ha CNUPAIbHbIX Pe30HATOPaX HMEIOT CIleuyIOuMe Xapak- 
Te€pHCTHKH: BYXpe30HaTOpHbIM - notTepH 0,5 wb B nonoce 8 MIu, 
3aTyxanne 15 nb mpu orcrpolike oT Hecymet Ha 10 MIu, 3aryxannue 25 nb 
lipH OTCTpokke oT HecymjeH Ha 30 MI; Tpexpe3oHaTopHEM- noTepu 0,8 wb 
B Togoce 12 MI u, saryxanne 35 76 npu orcrpoiike oT HecymehH Ha 35 MTu. 

[IpeqenbHad YyBCTBHTCIIbHOCTh TPexBaTTHOFO YCHIIMTeNA COCTABIAeT 
4-10'4 Br B nozoce 300 KIu. 


IV. 3axmouenne 


I[puemonepezaTauk ei[MMeTpoBOrOo WHala30Ha WJIMH BOJIH CO 
BCTPOCHHbIM JIMHCHHbIM YCHJIMTeJICM MOXKET ObITb IPMMeHeH AIA NepeqaqH 
TeePOHHBIX MH TEVCBU3HOHHBIX CHTHAJIOB B Wpemewax IpAMOM BUMMOCTH. 


3W UHF LINEAR TRANSMITTER 


Kempa Ya.M., Dufanets Z.B., Homenko Yu.l., Hnativ V4. 
Lviv Radio Engineering Research Institute, 7 Naukova St, Lviv-290060, Ukraine 
| Rycar V.V. 
State University “Lviv Politechnic”, 12 Myru St., Lviv-290013, Ukraine 


The results of a simple 3W UHF linear amplifier design have been presented. The unique design ideas are detailed. The gain of an 


amplifier at the frequency of 830 MHz with 30 MHz bandwidth is 50 dB. Frequency rejection away on 50 MHz from carrier is greater 
than 55 dB. 
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TEXHMYECKOE OBCIIVYKUBAHMUE 
CETEV CBA3K SDH C YYETOM 
3OHOBOK CTPYKTYPb! PA3MEWIEHHMA 
OBCIIYKMBAIOLUMX MPEDMPUATUY 


B.C. UrHatTKuH 
TLIMC-22, dunuan AO "POCTESIEKOM" 
dake (095) 192-0987. 





AxHomauust - [ipegnoxexa  ontumusalina TexHn4eckoro oGcnyxuBaHvA (B TOM Yvcne Bsar4MogelcTBne 
oGCNYKVBaIOWWUX NPEANPUATUU, NpOBeseHve ABAPVHO-BOCCTAHOBUTENbHbIX paboT) ceTeH CBA3H CUHXPOHHOM UNcbpoBaH 
vepapxun cKopecTei nepegaun (SDH), c yyeTOoM LIeHTpanvsalun UW AaBTOMAaTH3aLIMA YNPABNeHUA CeTbIO, 3aMOxKXeHHOM B 
craHgaptax SDH, a Taicke C YYETOM 30HOBOM CTpYKTYpb! pasMeleHHA OOcnyxuBaloLUMX NpeanpuATHY AO "POCTEJIEKOM" wa 
ceTax SDH Mocxaa - Xa6aposck, Mocxsa - Hopopoccuitcn, Mocksa - C.Mletep6ypr uv pp. 


i. BBeneHne 


CucTeMbl CBA3M, CTPOALUMECA H&@ OCHOBE CTA@HMapTOB CUHXPOHHOM LIVdpoBoKW Wvepapxuu cKOpocTen 
nepenaun (SDH), oBbecneunBatoT Kak U3BECTHO HE TOMbKO BbICOKOCKOpOcTHyWo riepenayy ( go 2,5 FOuri\c) 
LIMVG@POBbIX MOTOKOB, YNaKOBaHHbIX B BUPTYaMbHble KOHTeMHEpbI MW TPaHCNOpTHbie MOAYyNU, HO TakxKe 
o6ecneuuBaloT WeHTpanv3alivio TexHnYecKorO OOCNyKUBaHNYA CUCTeEMbl CBA3V, BKNHOYaA pa3snuyHbie BUAbI 
ynpaBneHuA NapaMeTpaMu CUCTeMbI, AVCTAHUMOHHbIA KOHTPONb CeTeEBbIX SMEMEHTOB, MepekmoueHve Ha 
DeESEPBHbie TDakTbl MW MOUCK HEVCNPaBHbIX SNEMEHTOB annapatypb! UV T.f. 

Mpv STOM MeHARIOTCH Tpe6oBaHua K OOcnykvBalouleMy nepcoHany, oOecneuvBaloLero sKcNNyaTaluio 
CUCTEM CBA3V B CBOE 30HE UNM PermMoHe. 

C OfHOU CTOpOHb! oOcnyKuBaHve cvuctem SDH B TexHWYeCKOM NMnaHe ynpolaeTcA 3a CHeT 
ABTOMaTU3auMY WM LIGHTpanu3alinn oOcnyKMBaHVA WwW Tpe6boBaHuA K 30HOBOMY NMepcoHany CHMMKAIOTCA, a C 
Apyrowv - tpeOy:otcR Boe O6onee KBanuduuwpoBaHHble Kagpbl, ymMetrouive paboTaTb Cc  y3KOo 
CNELIMVANV3UPOBaHHbIM KOMIMbWOTEPU3MPOBaHHbIM OOopyfoBaHviem SDH B TOM YUCNe MW B OTAENbHbIX 30HAX. 

Nouck ONTMMaNbHOUW CTpykTypbl pacnpegeneHunr OOnN3aHHOCTeM VU COOTBETCTBEHHO OTBETCTBEHHOCTeEN 
MEXDY UCHTPaNU30BaHHOM UW 30HOBOA YacTAMMY TexHYYecKoro o6cnyKUBaHUA - MexXLY AaBTOMAaTUYeCKON 
CUCTEMOK YNPAaBNeHVA, OCYLIECTBNAEMOM KOMMbIOTEPHbIMA YNPABNAIOLUIMMM CHCTeMaMU MW TeXHY4YeCKMMH 
cnyK6amv , pacnpegeneHHbiMA MO OTAeCNbHbIM 30HaM ANA OOchyKUBaHVYA NUHeEUHOrFO WU CTaHUMOHHOrFO 
o6opyAOBaHMA- 3afaya akTyanbHan Boobie ANA cuctem SDH w ocobeHHo cerogHA ganna AO Poctenexoma B 
YACTHOCTM, CTPOALeErO YHVKANbHbIe NO BanbHOCTM WU Mpov3sBOgUTeNbHOCTH MarucTpanu SDH Mocksa- 
Xa6aposck, Mocksa- Hospopoccuiick, Mocksa- C.Netep6ypr u ap. 


li. OCHOBHAA YaCcTs 


fina o6ecneyeHua padotet cuctemb! SDH B WTaTHOM pexume, KDOMe COOCTBEHHO CUCTeMbI Nepegaun 
VU KOHTpONA TpacdukoBonK wu NOoNe3sHONW VHopmMaynn, VcnoNnb3yloTcH cnepyroulue CucTemMb!, oOOecneunBatouine 
paOoTy TexHuyecKou skcnnyatayMu cuctem SDH: 

1. COBOKYNHOCTb CTaHLUMA TeneHaOniogeHuA YW KOHTPONA Tpex TUNOB B COOTBeETCTBYN Cc TpeMA 
YPOBHAMM Mepapxui TeneHabnwAeHMA 3a NapamMeTpaMM CHCTeMLI NepeAaun- LWEHTPasbHOW KOHTPONbHON 
CTaHuMM CS, HECKONbKO PNABHbIX KOHTPOMbHbIX CTaHUMM MS uv HECKONbKO NOKANbHbIX KOHTPONbHbIX CTAHLUWM 
LS, O6beEQUHEHHbIX MexKLY COGOM ABTOHOMHOM CUCTEMOM CBA3M C KaHanaMu CBA3N, OOpa3s0BaHHbIMU padouen 
cuctemon SDH; 

2. Cuctema CnyKe6HbIX TENECOHHbIX CBA3eM ANA pereHepal|MOHHbIX U MYAbTMVMNMEKCOPHbIX CeEKYMU Ha 
OCHOBe KaHanoB, OOpas0BaHHbix C NOMOLIbHO Santos 3aronosKkoB pabouyenr cuctembt SDH; 

3. CUCTeEMa CUHXPOHM3al|MV, COCTOALUAA U3 LEHTPAMbHOrO UCTOUHMKAa BbICOKOTOUHOK UU CTa6unbHOUK 
YACTOTbI KW CUCTEMbI KOHTPONA KaYeCTBA CAHXPOHM3aUNU UW BbIGOPa UCTOUHVKa CUHXPOHM3aLINN Ha Y3NOBbIx 
DereHepalLiVOHHbIX U MYSIbTUMNEKCOPHbIX CTAHLIMAX ; 

4. CucteMa @BTOHOMHONM KOMMbIOTepHoU ceTu ( ROD ), Ana CBA3U MexKAY LIEHTPANbHbIMM VU FnaBHbiIMu 
KOHTPONbHbIMA CT€@HUMWAMU Ha OCHOBE BHE CUCTEMHbIX (MO OTHOLUEHMHO K OGchyxkuBaloLWWen cucTemMbI SDH) 
KaHaJIOB CBA3M; 

. 5. O6oepygosaHve o6=wero Ha3HayeHVA (AaBTOHOMHOTO WW BHeEWHerTO SsHeEprocHaBxKeHuA Cc 
AYONUpOBaHVeM U Pe3epBUPOBaHNeM, OXpPaHbl OT HECAHKLIMOHUpPOBAaHHOFO AOCTYNA, 3aLLIVTb! OT BHELWHYX 
M@XA@HWYeCKUX, KNUMAaTMYeCKMX UM APYrX BPEAHbIX BO3AeNCTBUN). 

Mpu atom TexHnyeckoe o6cnyxkuBaHve AOMKHO OOecneunBaTb: 

- Tpe6yemble xapakTepyucTuku AOCTOBepHocTH nepenaun (Xf11I1): 
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“NOUCK HEMCNpaBHocTeW CTAHL|MORHOrO M NMHeHOro OGopygoBanua (TH); 
-KOHTPONIbHO-npodunakTuyeckue pa6oTbi (KTP): 
~ABAPWUHO-BOCCTaHOBYTeNbHbIe paGotb! (ABP). 

Bce BuabI TexHnyeckore O6cnyKuBaHuA, Kpome ABP, 8 cucteme SDH nposogatca UEHTPaNMv30OBaHHO C 
COOTBETCTBYIOLUUX LIEHTPOB, KaK NPABSUNO COBMELYCHHbIX C COOTBETCTBYIOLUUMU KOHTPOsIbHbIMU CTAHLIVAMM. 
Mp 3TOM ocTaBKa CMeHHbIX aneMeHToB obepyfoBaHuA v3 rpynnoporo 3M OCYLIECTBNAeCTCA 
CNEUNANUSMPOBaHHbIM NepcoHasiomM, T.K. 3aMeHa OOopygqoBaHuA YaCTO TpebyeT He TonbKO mexaHuyeckor 
paSotbl, HO MW MorMyeckoro WHCTaNnMpoBaHuA vnuw KOHdburypayMn CMeHHBIX GnoKoB, UTO OCYLUECTBNAeTCA Cc 
NOMOLbIO KOMNbIOTepHoro CnelWanv3vupoBaHHoro obopypoBaHnA B Bue NMEPeHocHOrTO KOMMblioTepa Cc 
COOTBETCTBYIOLLMM MporpaMMHbIM OGecneyeHnem. 

OAHako B ycnosunx PO c ee NPOTAKeHHBIMM NUHKAMU 3aMeHa O6opyfoBaHuA U3 YOanexHoro LeHTpa 
~ 9TO HE NpocTanr 3afaua W3-3a NOTEPU CPaBHUTeENbHO AOporocToruero BpemMeHN (OCOGEHHO NPN PEMOHTHbIX U1 
BOCCTAHOBUTENbHbIX paboTax Np OTCyTCTBUM pesepBHOrO TpakTa) VW 3aTpaT TpaHCNOPTHbIX MW MaTepVanbHbix 
pecypcos. Ho nepepacnpenenenue umetolerocs Ha cetTsx SDH rpynnosoro 3UN no otnenbHbim CTaHUMAM 
(QnA yMeHbWweHUA BpeMeHM AocTaBKM) noTpe6yeT yBennu4ueHuA KonuueCTBAa AOPOCTOCTOALUMX CMEHHbIX BNOKOB U1 
KOMMbIOTeEpHOrO OOopyAoBaHuA, a FNaBHOe y3KO CNelIMaNnu3supoBaHHbIX paGOTHUKOB CO CTaTyCOM CMCTeMHoro 
@QMUHMCTpaTopa UNM KOHGurypaTopa, VMEIOLUMX COOTBeETCTBYIOLUYIO KBanndbuKauuio. Boe ato morno 6b! cebs 
OnpaBAaTb, CCNv Obi NPUMeHANOCb Np npakTuYecKkok pabote, Apyrumu cnoBamu- BCe ONpefenAetcA YacTOTON 
Tpebyemoro BMeWaTenbcTBa B paboty oGopyfoBaHus, T.e. ero Hage xKHOcTbHO. MpegsapuTenbHbie faHHble, 
NONYYEHHbIe Ha OCHOBe 3apyOe>kKHOrO ONbITa oKcninyaTayuu cuctem SDH, noKkasbiBaloT, YTO HapaboTKa Ha OTKAa3 
CMeHHbIX ONOKOB annapatypb| SDH, coctaspnAeT B cpegHem 8-11 net [1]. Takum o6pa3s0m u3-3a OAHOrO 
nevicTBMA NepcoHana 3a nepuog 8-11 neT no 3ameHe OGopymoBaHuA, FOTOBMTb Vu HepKaTb B NOCTOAHHON 
FOTOBHOCTM ChELMANKCTOB CO CTaTYCOM aAMMAHUCTpaTopa UNM KOHdurypaTopa B COocTaBe 30HOBOM rpynnbl 
oOcnyKVBaHuA BpAA-nu Lenecoobpa3sHo. KommpomuccHbiIM BapvahToM sABnAeTcA NpesNnoKeHNe WMeETb 
YKa3aHHbiX CNeUManvcToB B COCTaBe MPOU3BOACTBEHHbIX NaGopaTopul COOTBeTCTBYIOLUNX TePpuTOPNANbHbIX 
WeHTpos (TLIMC),ocHacTuB ux COOTBeTCTBYIOLLIE TeEXHUKOM U TpaHicnopTom, a TaKwKe ycTaHoBnus AonycTuMblie 
HOPMbI BpeMeHM No 3ameHe OOopyfoBaHvA C YYeTOM BPeMeHY TpaHcnopTupoBaHuA 3VM v3 eavHoro UeHTpa 
oOCNYKUBAHUA COOTBETCTBYIOLUMX Maructpanei. 

B kayecTBe mpumepa npusegeHa TaOnuya TexHnyecKoro obcnykvBaHuA HeEoOcnyKUBaeMbix 
pereHepalMoHHbix NyHKTOB (HPIT) SDH c yYeTom B3savmogelicTBui MepcoHana KOHTPONbHbIX cTaHyM, TLIMC 
UW NepcoHana 30HOBbIX OTRZENeHUi. 


lll, 3axknioyeHne 


TexHuyeckoe o6cnykuBaHve HOBbIX CUCTEM CBA3U CUHXPOHHOM LiMcbpoBold nepapxun CONpOBOKAaetTca 
He TONbKO aBTOMaTM3alNen VU WeHTpanu3zaynei oGcnykuBaHuA, HOU AMcbcbepeHynauen o6cnyxuBaroluero 
nepconana, TpeOyeT HOBbIX THNOB NpuGopos B Bue CNeUMaNnusnpOBaHHbIX KOMMbIOTepoOB M1 COOTBETCTBYIOLUMNX 
nporpaMMuHbix cpeycts. 

B cBA3M c WeHTpanvsayned 3VM uv cuctemHoro nepcoHana BpeMA BOCCTaHOBNeHMA Wn De@MOHTa 
CUCTEMa MOXET ObITb ChpaBHUTENbHO OONbLUMM M3-3a YAANeHHOCTM LEHTpoB OBcAyKUBAHUA. 

Ana o6ecneveHuA BbICOKUX NapaMeTpoB AOCTOBEpHOCTM NepenauN UW CHWKeHMA BNVMAHKA BDeMeHU 
BOCCTaHOBNeHvA HeOOxoAMMbI ceTM Cc O6XxOAHbIMM NyTAMU NMepenayn TpacuKa u OnepaTMBHOU cHvicTeMOouK 
nepexoga Ha OOXOAHOU NyTb. 

OAHOW M3 TakKUX BOSMOKHOCTeH ABNAeTCA MUHTerpalur OTAeNbHbIX CeTe B EAUHYIO pervoHanbHyO WN 
KOHTUMHEHTaSIbHYIO CETb C Y3NOBbIMM SNEMEHTaMU - MaPpLUPyTH3aTOPaMU ABTOMATNUeCKN OTbICKMBAeMbIX 
OOXOAHOK NyTb Npu NoTepe nepesaBaemoro Tpacuka. 

Ha nmepsom sTane Tako MHTerpallun Yenecoo6pa3sHo oO6beAUHNTE KaSenbHbIe, 3acbvpHbie u 
CNYTHUKOBbIe CETH B EAUHYHO B AMMUHUCTpPaTMBHOM NNaHe PerMoOHaNnbHylo CeTb. 


iV. Cnucox nutepatyppi ~. 


[1] UrdatkvH B.C., Yakuk E.C." WnterpupopakHan nepegaua curHanos Ha OCHOBE BOMOKOHHO-OnTHYeCKX CUCTeM.” - 
3-A KpbiMckan KOHcbepeHuMA “CBU-TexHuKa W CNYTHMKOBbIA Npvem”. Matepvanb! KoncbepeHumn. Cepactononb, 
20-23 CeHTABpA 1993 6., c. 264-268. 


TECHNICAL SERVICE IN SDH NETWORK CONSIDERING THE ZONE STRUCTURE OF 
ENTERPRISES ARRANGEMENT 


ignatkin V.S. 
branch of joint-stock company “ROSTELECOM”, 31-2-141 Musa Djalil St., Moscow-115580, Russia 


This paper proposes the optimization of technical service (including interaction, fulfilment of accident-restoring work) of connection 
nets of transmission velocities synchronous digital hierarchy (SDH), considering the centralization and automatization of contro! of 
net, being put into the SDH standards as well as considering the zone structure of arrangement of operating enterprises of 
“ROSTELECOM' joint-stock company in SDH nets: Moscow - Khabarovsk, Moscow - Novorossiysk, Moscow - St.Petersburg. 
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TEXHHYECKOE OBCJIVIRMBABRKE HPI SDH 
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(ABP). 


















4,1.Ha BOK. np o6ppipe aa 
4,2.Ha cranuHoHHom o6opyacBanur HPIi: 

- 6e3 3aMeHbI O1OKOB 5 np oTKa3ze ma 
C 3A2MeHOH OAOKOB MYALTHEACKCOPOB. ma 






npu oTKa3ze 


Ilpumeyanua: 

1.+Bta6muye o3HauaeT WpoBeyeHue paoort. 

2. 3OHOBIM llepcoualt IIpOBOAUT TexHu4ecKu Hay30p 3a BCeMM paOoTamhH, 
TpoBoyuMermu Ha HPII, wu oGecneunBaeT AONycK Ha CBOM OObeKTHI Nepconasa 
TUOIMC u Koxtpossueix cTaHuMn. 
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UMUTATOP CNYTHUKOBOSPO KAHANA CBH3U 


UJ}. Acbouun, 10.1. Muxanox 
Ceeacmornonbckuu eocydapcmeenHpiti mexHuyeckul) yHueepcumem 
U.b. Casyuxnn 
CesacmonorbcKoe KB Paduoces3u 





AHHomauus - [na npovssogcTaa W aTTecTaumM cTaHyMM cnyTHNKOBO cBa3M (CCC) macca VHMAPCAT-C 6pinu 
paspaOoTaHbl uMUTaToCpb! GOeperoBoi 3emMHOK craHyMn (B3C), KOopAMHupyower crauyunn ceTu (KCC), a Take umutatop 
KaH@NOB CBA3V, NOSBONAIOWM BBOANTb B KAHAN pasnvyHble BYAbI NOMeX: 3aMMpaHysl, cbasoBbii wym, AonNeposcKni cAByr 
YaCTOTbI WM Ap. MpegnoKey meTog NocTpoeHvsA MMMTaTOpa 3aMUpaHuii CNYTHMKOBOrO KaHana CBASH. 


|. BBenenne 


Ha OCHOBaHMN TexHuYecKux TpeSoBaHuii No paspaG6oTkKe, vsroTOBNeHUO 4 OnOSpeHuio Tuna CYHOBON 
3€MHOK cTaHiimu UHMAPCAT-C umutatopb! AOmKHb! oOcyLUeCTBNATh O6paboTKy 6a30B0ro COOOWIEHHA, 
yHKUun AOcTyna, ynpaBnenua U curHanu3ayun B3C u KCC, o6ecneuntb NpoBpegeHve OOWMPHbIX VcnbITaHun 
yHKUM AocTyna uv ynpaBneHuA npoBepremoi CCC, pa6boTb! pemogynaTopa, Henepemexutens, Aekogepa c 
YHETOM BIIVAHMA pasnMyHbixX BYOB UCKAXKEHUM , BOSHMKAIOLUMX B KaHane canan [1]. 


ll. OCHOBHAaA YaCTL 


Ha XapakTepucTvky KAHaNOB CBA3M 3HaYMTeNMbHOe BNUAHMe OKaSsbIBalOT 3aMUDAHHA, BO3HUKaIOLUuNe 
BCNeACTBMe UHTepdepeHyun MExXAY NPAMOK BONHON WU OAHOM WNW HeECKONbKMMU OTPaxKeHHbIMU BONHAaMI, 
oOpa30BaHHbIMN pacceAHvem CcvrHana OT TOYeK MOPCKOM MoBepxHocTM BONusK CyoHa. 

Matematuyeckan MOenb, vCcnonb3syemaA B HacToRulee BpemMA B cucTemMe MHMAPCAT-C Ana 
VMVTALIMK BHVAHMA 3aMupaHiii, BbISBAHHbIX MHOrONyYeBbIM pacnpocTpaHeHvem, Ha KaHaN MOpcKOn 
CNYTHUKOBON CBA3M, ABMAeTCA nonyemnupvueckow Mogenblo, obecneynBatoujeA XOopouwlee cosnageHne 
PaCHETHbIX U UV3MEPeHHbIX AaHHbIX. Mogenb BbIBeAeHa 43 CTATUCTVKU 3aMupaHHiA B KaHane Ww COOTBeETCTBYeT 
pacnpegeneHnuio Palica. B pamkax sto Mogenu 3aMupaHVA MOXKHO PAaCCMATPBATb Kak pe3ynbTaT CNOKeHUA 
curHana HECYLUeM U ABYX OTBETHbIX CUTHANOB, AMNNUTYAbI KOTOPbIX MEANEHHO U3MEHAIOTCA B COOTBETCTBUN C 
pacnpefeneHuem Penes. Napametpb! Mogenu 6einu onpegenedb! ANA annpokcumauuu UV3MepeHHbIx FAHHbIX C 
yuetom HeOnaronpuATHoro COCTOAHWA MOpCcKO NOBepxHOcTM M ANA cnyyaA KBa3snv30TpONHon AvarpamMmbl 
HanpaBNeHHOCTW AHTEHHbI. 

B cooTBeTcTBUM Cc MaTeMaTMYeCKOM MofenbiIo u TpeSoBaHvsamu MKKP pa3spa6oTaHa CTpyKTypHan 
CxXeMa UMUTaTOpa 3aMVpaHii, NPUBEAeHHAaA Ha PUcyHKe. B Hee BXOQAT KaHan NpAMoro curHana uv ABa KaHana 
OTPaXKeHHbIX CUTHANOB, CMELUEHHbIX MO dbase Ha p/2. OTparxeHHble CUTHaNbi ChopmupyloTcA NyTem mogynauuu 
HECYLUCH HU3KOY@CTOTHbIM LUYMOM HeKOPENNMpPOBaHHbIX MWCTOYUHNKOB. OTNMUNTeNbHOM OcoBeHHOCTbIO 
npeanaraemMon CTpyKTyPHOM CXeMbI ABNReTCA ViCMONb30BaHVe B KAYeCTBE NeEPBYYHbIX MCTOYHVKOB luyma 
reHepaTopoB NCeBAOCCNYYaNHOK ABOUYHOK NocnegoBaTenbHocTu (MCN) [2]. Fexepatop NCAN peann3osan Ha 
OcHOoBe 32-x pa3spAAHOrO perucTpa cABUra, OxBAaYeHHOrO YeNAMU O6paTHo cBAaH. KOpennaAlWA UCTOYHYKOB 
WYMa VMCKIONa@eTCA pa3snvuHbim mogKntoveHvem OOpaTHOM cBA3V, a TakwKe cnyyaiHbiMA  Ha4anbHbIMU 
YCNOBUAMM 3anycka reHepaTopos [ICHIl. B cootBetcTaun c MOfjenbio 3amupaHuii Paiica Ha BxogbI 
MOAYNATOPOB Nofaetca fayccoBbl4 WyM, NpowenwMA Yepes cbuNbTp HWKHUX YacToT BaTTepBopTa BTOporo 
nopAAKa C perynupyeMow rpaHu4HOU YacTOTOM NoNocb! NponyckaHuA oT 0,5 Ty go 3 Fy no YPOBHIO 3 Ob. 
YCunUTeNb MOCTOAHHOTO TOKa ¢ perynupyembim KOadcbuyveHTOM ycMNeHYA vCnONb3yeTca ANA yCTaHOoBKi 
OTHOWeHMA C/M cpeAHMx ypoBHei MOLUHOCTH NpAMOrO MW OTPaxKeHHOrO cYrHaNoB B Avana3oHe oT 0 Ho 15 pb. 
YnpaBnenve “wmuTaTOpoM 3samupaHnii OcylecTBNAeTCA Npu NOMOLUM ycTpolictaa ynpasnenus uv perynuposku 


(YYP) c Ucnonb30BaHNVeM MUKpPOKOHTponneppa. Yepes YYP ocyWwecTBNAeTCA CBA3b C vmutTatopamv B3C uv 
KCC. 


lll. 3aknioyveHne 


Pa3pa6oTaHHbIi UMUTaTOp 3aMUvpaHui BXOAVT B COCcTaB KOMMNeKca annapatypbi ANA npoBepeHur 
KBANUCPUKAUMOHHbIX UCMbITaHUM, aTTecTayun uv npovsBogctBa CCC “Myccou-720" knacca UHMAPCAT-C. C 
UCNONb3OBaHveM sTOrO kKOMmMNeKca BeAyTCA WccnepoBaTenbcKve pa6oTel mo paspa6oTKe ycTpoiicTs 
NEPeMEXxKeHKA, CKPeEMONMpOBaHUA, KOQUPOBaHUYA C YYeTOM BMMAHMA pasnuyHbIxX ucKaxKeHV, a TakoKe no 
CO3AaHUtO @fanTMBHbIX CUCTeEM CBH3U, COrMaCOBaHHbixX C KaHaSIOM CBA3M. 


IV. Cnucok Hcnonb30BaHHOK NMTepatyppr: 


[1] Cygopaa CCC knacca UHMAPCAT-C "Myccou-720". Hayy4Ho-TexHvueckuit oTYeT No TexHuyeckomy npoexty / 
N FP 01930003892 Cepactononb, KE PC, 1993.-168 c. 
[2] Bo6rHes M.MM. Pedepupopanve cnyyaiivblx curHanos.- M.: Caasb, 1979. - 240 c. 
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Puc. CTpykTypHas CXeMa HUMUTaTOpPa CIlYTHHKOBOTO 
KaHalla CBA3H 


|-ca30Bpailateb Ha 1/2 

2-HeKOPpeJIMPOBaHHbIM ACTOUHHK rayccoBOro LIyMa 
3-(HIbTP HAKHAX YacToT 

A-yYCHJIUTEJIb MOCTOAHHOTO TOKA 

O-MOLYAATOP 

6-cyMMaTop 

7-YCTPOHCTBO yYiIpaBJIeHHA U peryJIHPOBKH. 


SATELLITE COMMUNICATION CHANNEL SIMULATOR 


Afonin 1.L., Mikhailyuk Yu.P. 
Sevastopol State Technical University, Studgorodok, Sevastopol-335053, Ukraine 
tel, (0690) 23-50-18 
Savitski |.B. 
Sevastopo!l Design Bureau of Radiocommunication 
29 Vakulenchuka St., Sevastopol-335053, Ukraine 
tel. (0690) 24-41-00 


The system for development, producing and testing of Inmarsat-C stations is considered. The system includes simulators of cost 
earth, net coordinating stations as well as channels simulator which allows to put different kinds of disturbance into the channel: 
fading, phase noise, Dopler’s shift and so on. The paper describes the construction of multipath fading simulator. The system allows 
to simulate signal fading of different duration and amplitude. Channel is modelled on the base of fading statistic which complies with 
Raise’s distribution. System is controlled with the help of built-in microcontroller. The block diagram and main characteristics of the 
simulator are presented in this paper. 
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[ipoexTuHpoBarne MasloraSaprTHoro IpHemMonepeszaTanka 
JA pawvopesenHEx JH cBN3H Ka-qaana3zona. 


Eerpados A.fO., Munnedaecs B.M. 
HHH “Tyscap”, 105187, Mocksa, Oxpyxnoii mp.,27, 
dbakc. 095-366-55-83 


Annotanna. B fokiaye NpuBeAeHEI pe3syIbTaTbl MpoeKTHpOBaHHA WM M3COTOBIe- 
Hua © Mayora6apuTHoro premonepefaTamka AMana30Ha 36-37,5 TTn c 
Ppasrx=20MBr, Kim<7,0 45 npn Kyp>37ab, notpeOmaemaa MoumoctTs MeHee 700 
MBT. [[pvemHpml wm nepeyarouMi curnalbt OObexMHeHbI B KpyCIOM BOWHOBOIe 
pa3B93aHBI 0 NOWApH3alnn. 

Pa3paOoTaHHbii MpHemMonepeyaTIMK MOXKeT McHOIb30BaTbCA JIA oprann- 
3a KOPOTKHX (710 2KM) HHH cBa3i. 


1. Beenenne. 


B cBa3M C T€M, UTO B pa3paOaTEIBAeMO paqvOUMHHH MpHMeHsAeTCA aMMUIN- 
TYHHad MOAYIAWMA CHrHana, a Tak %Ke TA DOCTHOKCHUA MHHUMANbHOrO noTpebse- 
HHa, pH MpOeKTHPOBaHHH KOHBEepTepa BLIOpana CxXemMa C OJHHM 3aJ,alOlWMM aBTOre- 
Heparopom (AI) u nocnezyromlel amnuMTyZHOu MoZynauMel curHana. BpiGop cy- 
neprerepOMMHHOM CXeMbI IpweMHHKa OOyCNOBIICH COBOKYMHOCTbIO NPE bABILACMBIX 
K HeMy TpeOoBaHH MO 4yBCTBUTeIBHOCTH, JMHAaMM4eCKOMy AMana30Hy Hu noTpeb- 
WACMOW MOWWHOCTH. Mcnonb30BaHHe yCuIMTela NpOMexKyTOUHO uactoTE (YIIY) ¢ 
perysIMpyeMbiM ycuureHMemM HeEOOXONMMO JIA W3MCHCHHA YPOBHA BLIXOAHOLO curnana 
IPHeMHUKa B 3aBHCHMOCTH OT paccTOsHHA Me@XKTY NPHeMHAKOM 4 nepeqaTuMkom, a 
TakxKe OT YCHOBHM paciipocTpanenHua pawMOBONH B aTMOciepe. B wenax cHwxKeHuA 
raOapHToB KOHBepTepa BXO MpHeMHOCTO HM BbIXOA Nepesaroulero TpakTow obbemu- 
HeHbI B CJIMHOM KPyIIOM BOMHOBOLE, pa3BaA3Ka CHTHAOB OCYHIECTBIACTCA 3a CUeT MX 
pa3IMdHOK nouspusauuu. CrpykrypHaa cxema pa3spa6aTbiBaemoro mpHemonepe- 
qaTuvka WpuBeyena na puc.|. 

Vis BbitteomucaHHOW CTpykTypHOw cxemMbI NpuemMonepemaTunka cnelyer, 4TO 
AA OpraHW3alMv JIMHUM CBaA3M HEOOXxOAMMO, 4TOOLI NpHemonepezaTIMKH, pacno- 
HOKCHHBIC Ha Pa3IMYHbIX KOHMAX PawHOUMHHM OBVIM HACTPOeHbI Ha COMpsAKeHHEIe 
YaCTOTHI, TO CCTb pa3HHila BbIXOMHBIX 4aCTOT MpHeMONepexaTaMKOB cocTaBala 
BeIMUMHY PaBHY!O MpPOMeXyYTOYHOU YacTOTe ipHema. 


2. [ipoekrupopanne npremonepeyaTunka. 


IIpuemonepenzarank w3roToBNeH Ha Oa3e TexHonoruu TMC. B xauecrse ak- 
THBHBIX 3emMeHTOB T'VIC mpumenentr GaAs HEMT u FET, ppmyckaempre TYHNII 
"Tlynpcap". [Ip npoexruposannn ueneii cornacopanua TMC ucnonp30panbl 3KBi- 
BaCHTHBIC CXCMbI TpaH3MCTOPOB, BOCCTaHOBJICHHbIe 10 pe3yJIbTaTaM W3MepeHHit Ux 
MapaMeTpOB B MHJVIMMETPOBOM JMana3oHe [1,2]. 

Aptorenepatop mpencrapiaer TMC wa ocnope FET c mupunoit 3atsopa 
180MKM c 4acTOTHO3aMaIOlMle WenbIO B BUC Pas3OMKHYTOLO Wueiida B enn 3aTBO- 
pa; oOpaTHad cBa3b MO TOKYy OCYLIeCTBIAeCTCA Yepe3 MHAYKTUBHOCTb B ucTOKe. FET 
padoTaeT B pexKHME aBTOCMEMICHHA, YTO NO3BOMACT YBENMUNTL TeMMepaTypHyb cTa- 
OWNbHOCTb reHepatopa 70 0.2*10-4. BeixoqHad MOLWWHOCTb reHepaTopa Ha dacToTe 
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37 [Tu cocrapuset 20MBr, noTpe6maemaa MomHocTe He Oomee 0.3 Br. [Tpynnunn- 
allbHad CXeMa aBToreHeparopa NpescraBlena Ha puc.2. 

B kavectBe MOLYARTOpa CHTHAIAa VCHOb30BaH yCHIMTenb MouTHOCTH (YM) Ha 
FET c mupnnoi 3aTsopa 180MKM, BKJOUeHHOLO MO cxeMe C OOLIMM MCTOKOM, MOJIy- 
HAUHA KOSPOUMUMCHTA YCHICHHA KOTOPOLO OCyLIeCcTBIAeTCA MO Her 3aTBOpa ("O"- - 
2B, "1"- OB). [nyGuna Momynauun He Meee 20nb. PaSountt pexum FET: U=+6B 
J=40MA; norpeOnsemaa mMoujHocth YM B pexume aAMMWUIMTYHHOW MOLYTAWH CO 
CKBaxKHOCTbIO 2 cocrapnaeT Pnorp=0.12Br. 

Jlennren Mowwoctw Tuna KJIM (kompueBon WenuTenb MOUHOCTH) OOecnedH- 
BaeT paBHoe eweHwe MOMWHOCTH reTepOsMHa MOKAy NpHeMAbIM HM NepewaroujyM 
TpakTaMu. 

B PWC emecurens ucnonp30pant1 HEMT A818 c mpnnol 3aTBopa 75 MKM. 
[IpusuunuanbHas cxema TMC npupegena wa puc.3. CmecntTenb BbINOUHeEH HO CxeMe 
pesucTHeHoro cmecuTens. JlanHaa cxema oOecticuMBaecT HaWyaulylO pa3sBa3Ky CHT- 
Hama uv rerepoymna. B temax CHWKeHHA NOTPeOMACMOH MOWHOCTH TpaH3uMcTOp Haxo- 
HMTCA B pexume Onu3KOM Kk oTceyKe ( U3=-1B, Uc=+1.5B, Ic=0.5-1.0mMA ). J[wana- 
30H 4acTOT curHana HW retepommua 35-381 Tu, mpomexyTrounasa uacrota IPT. Cme- 
cutenb o6manaet Kui=5,605, Lup=-4ab npu mowoctu rerepoguna 5-7MBr. 

KoxncrpyxTupno pce TMC muanumerposoro AMana30na mpescrapisatoT cobon 
KOBapoBoOe 30NM04NeHOe OCHOBAaHHE (4.3x12x0.4mM), Ha KOTOPOM B pa3pbIB MOK/Ty 
KBapueBLIMH WraTaMH TOWWMHOW 0.2MM yCTaHOBJICHbl KPHCTalIbl Tpan3HcTOpos. 
Ha KpapieBbix miaTax BbINOHeHbI Wenw cormacoBpanua M nogaun nuTanua. Kon- 
TAaKTHbIC WIOWMAAKM KPHCTaIOB TpaH3HCTOPOB COeCMHeHbI C MUKPONOJIOCKOBbIMH 
MHVUAMH 3000TO NPOBOMOKOH WMamMeTpoM 15, MeTOAOM TepMOKOMMpeccnn. 

THC YIT4 npexcrasnaer coOoli AByXkacKaHbi YCUNUTeIb Ha TpaH3sucTopax 
KT3132, BKMIOUCHHEIX 110 cxeme c aprocmeneHHem. YITYU o6snagaer Kur<2,0qb npn 
Kyp>20 ab. [pu camxkenun Hanpaxenua nutans c +6B no +4B koodunnenr ycu- 
nenua YIU ymenbmaetca na 2506. Koncrpyxtusno TMC YIU mpexcrapasaer co- 
Gol MOMKOpOBy!o mWiaTy TOUMMHO 0.5MM, Ha KOTOpOH ycTaHOBJIeHb! Ba KpHCTAa- 
a TpaH3HCTOPOR, a TaK 2Ke BHINOJHEHbI Wer COrMacoOBaHHA W NOWadH NMTaHHA. 

Jlerexrop BbIXOHHOW MOMIHOCTH M3POTOBJIeH Ha OCHOBe KpHucTamia TpaH3u- 
cropa AI1608 c HH3KHM HalIpsKeHveM OTCCYKH WH WpewqHa3sHaven JA Oprannszalny 
nem o6parnon cpa3u APY. Jlerextop paOoraer 6e3 cmeileHua w oOecneuMBaeT 
yPOBeHb BLIXOAHOrO HanpsKeHHs Uspix>70 MB na Harpy3Ke RH=1kOM Mp MOWLI- 
HOCTH curHana Ha ero Bxone Pc=IMBr. ( BaixoqHad MOWHOCTh NpWeMHuKa Ip 
KOMMIpeccuu Kosduunenta ycunenua 1 4B cocrapiser Ppprx=7...10MBr.) APY He- 
OOXOZMMO [Jd W3MCHCHHA YPOBHA BHIXOMHOLO CHrHala NPHeMHKA B 3aBHCHMOCTH 
OT paccTOSHUA MOKLY IPHCMHHKOM HM HepexaTavKOM, a TakxKe OT ycIOBMM pacmpo- 
cTpaHeHua pazMOBONH B aTMOChepe, M MO3BOMAeT pacliMpuTh WHHaMMYecKHi WMa- 
1a30H NpHemMonepexarowlero MOLYIA. 


3. Wismepenue nmapamerpos npHemonepexaTanka. 


PaspaOoTaHHbiii mpuemonepenaromMi Mofyib (IITIM) npeazcrapnaer co6on 
yCTpolicTBo C KPyPIbIM BONHOBOJOM JMaMeTpOM 6 MM C OpTOrOHaNbHOW NomApHsa- 
Heil BXOMHOTO MW BEIXOAHOrO curHanon KBU xmana30na Ha OCHOBHOM MOJe kosre- 
6annii H11. Berxon curuana ITY ocymectaiaerca uepe3 KOaAKCHAIbHbIM pa3sbem TuNa 
"Tpan". TIM sxnmrogaer Bp ceOa: PMC aprorenepatropa, PMC mogynatopa, PMC 
cmecutena, ape TAC YIIU, gerexrop BprxomqHOW MommHOcTH curnana ITU, Heobxo- 
HUMbIi Wid popMuMpoBaHua curnana ynpaBnenua ycunenuem YIIU. TaOaputel 
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WIM - 35x37x25mm. Buremunii Bua, mpHemonepesaTunka Npeycrapien Ha puc.4. 
Vismepenutbie napamertppi TITIM npencrapjensi B taOmmue: 


N TITIM 
Yacrota Bprx.curnana, LT 


Yactota Bx.curnana, TT 
Ilpomexyrounasa uacrota, IT 


BErxoqHad MOUMMOCTS NepenaTuuka, MBr 21.5 


TaryOuna Monyssinan, 4B 
Koodduient Wyma npHemunka, sae: — 


Kos@auuvent ycunenua mpHemunka, Wb 
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TayOuna APY npvemunka, 1b 
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Monynanun +6B(0B) 
APY +6 B 
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4, 3akmouenne. 


Paspa6otTan ManoraOapuTHEl WpwuemonepemaTunK AHMana3z0Ha 36-37,5 TTY c 
BLIXOHHOH MOLMHOCTbIO Gomee 20 MBt, Ko9:uLMeHTOM LiyMa MeHee 7.0 4b npH ko- 
adduunente ycunenua Gonee 37 4b w MOWHOCTH NOTpeOmeHua MeHee 700MBT JIA 
OpraHH3allun KOPOTKHX (70 2KM) MHME CBaA3H. 


5. Jiureparypa. 


[1] - Minnebaev V.M., Abolduyev ILM. Low Noise Converter for Ka-band - 
Matherials of The Ith International Conference “Satellite Communications’, 
Moscow, 1994. | 

[2] - Munue6aes B.M., Esrpados A.fO. “[Ipuemo-nepeyaroujuv MOHOOIOK 
Ka-ymana3sona” - Marepnanpi 5-of Kppimcxoi Koundepenunmu “CBU-tTexuuka u 
CIYTHMKOBbI MpHem”, T.2., Cepacronosb, 1995. 


DESIGN OF MINIATURE TRANSCEIVER FOR Ka-BAND RADIO-RELAY COMMUNICATIONS 


Yevgrafov A.Yu., Minnebaev V.M. 
SRI “Pulsar”, 27 Okruzhnoy Pr., Moscow-105187, Russia 
fax 095-366-55-83 


The results of design and producing of the miniature receiver/transmitter for 36-37.5 GHz frequency band are presented in this 
paper. It has Pou1 ga > 20 mW, noise figure less than 7 dB and gain more than 37 dB, power consumption less than 700 mW. FETs 
and HEMTs used for K-band receiver/transmitter design and fabrication are the production of SRI & plant “Pulsar”. The equivalent 
circuits of HEMT and FET chips are used for networks design. The receiver/transmitter can be used for the short communications 
for the distance of 1.,.2 km. 
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THE EMP EXCITATION BY PULSED HIGH-CURRENT REB IN A MAGNETIC FIELD 
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The EMP formation mechanism, as a result of momentary crossing by electron beam (bunch) magnetic lines of force is 
investigated. The brehmstrahlung radiation effect for high-current electron beam is considered on the analogue to the 
classic brehmstrahtung radiation of the individual charge intersecting the magnetic lines of force transversly. It is shown that 
excited electromagnetic field (brehmstrahtung radiation) has wideband properties and its intensity for beam parameters, 
easily provided by experiment, may be very significant. It is pointed out that for electron beam with the time of duration 
significantly higher than the time of duration of the beam scattering in the magnetic field (t,>> 1/o., @- is cyclotron 
frequency), dissimiliarity between current spectrum and spectrum of the radiation is negligible. 
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BUPKATOP C AHODHbIM PESOHATOPOM 


K.B. Top6ayes, A.E. KorytHuukni, B.M. Muxaiinios, 

E.B. Hectepos, C.A. Powynkuy, B.11. Lilymunu 
HayyHo-uccredoeameriscKull YeHMp MenNnogUsuUKU UMAYribCHbIxX eo3deucmeull PAH 
MBTAH 127412, Mockea, Voxopcxasn 13/19, Poccus 
qdaxc (095)4857990 


Axxomauus - Npvpesexbt pesynbtatbt uvicneHHoro MogenupoBaHua u SKCNEPYMEHTaANbHbIX NCCHeAoORAaHKK CBY- 
reHepatopa (Tuna BUPKATOP} c aHogHbim pesoHatopom. B orcy7cTave BHeLIHEro MarHUTHOrO mons ViCCNeAOBAHO BNUAHVe 
FeEOMETPKM PesOHaTopa Ha MOAYNALMIO TOKa SNeKTPOHHOrO NyyKa, NpoweAWwero B BONHOBOY. OGHapyKeHa CUNbHaA 3ABACHMOCTb 
rnyOutbl MOAYNAUWNK ToKa Ha COGCTBEHHOM YacToTe pesoHaTopa OT pasmepos OTBEPCTMA CBA3M. Npu cna6ovi 3saBucumoctu oT 
BenM4MHbI TOKa NyYKa STO NOSBOMAeT HAACATLCA Ha COSAaHVe HOBOM CXeMb! adpcbextuBHOro CBU-reHepatopa. 


I. BBeneune 


Bee TpafMyVoHHble cxeMbl MUKPOBONMHOBbIX TeHeEpaTOpOB c BUPTYabHbIM KaTOOM OTMMYalOTCA 
MPOCTOTOM KOHCTpyKMU. Kak npaBuno, OHY NpeACTaBnsloT cobon pasnvyHble MoAMduKauNn AByX3neKTpOogHoOH 
CUCTEMbI. Tak, B BUPKaTOpe SNeKTPOHHbIV NYYOK c 3aNnpeseNnbHbIM TOKOM BbINyCKaeTCA B aHOAHOe LpevdoBoe 
NPOCTPAHCTBO, B OTPaxkaTeNbHOM TpMofe CTeHKM KaMepbl Apevicha UMEIOT KATOAHbIA MoTeHLMan. MoxHo 
CKa3aTb, YTO 3Ta KOHCTPYKTMBHaA MPOCTOTa MW ABNAeTCR NPWYKHOK HEAOCTATKOB TaKkUx npuGopos, a UMeHHO, 
CPaBHUTeENbHO HU3KOFO KN VM LUIMpOKOrO CnekTpa u3snyyeHua. 

B CBU-snextpoHuKe cyLUeCTByeT HeECKONbKO oG6WWeNpu3HaHHbIXx MeETOAOB, MPUMeHAeMbIX ANA 
YBENMYeEHMA KN VW YMeHbLUEHMA WYPUHbI NonocbI usnyyeHuA. OgHako, Ux MpPVMeHeHVe B CUSbHOTOUHbIX 
ycTpovicTBax, OCOHeHHO Takux Kak MpvOopbt c BYPTyaNbHbIM KaTOZOM, CUNMbHO 3ATPYAHEHO OTCYTCTBMeM 
BbICOKOM cTaGunbHocTH KaYecTBa ny4ka, MoNyYaemMoro Cc NOMOLYbIO B3PbIBHOM aMUccuN, 4 HeECTaOMUNbHocTEIO 
CaMoro BUpTyanbHoro KaToga. MepBow yAayHou NonbiITKOK ucNpaBUTb NonomReHKe cC NOMOLIbIO TaKoro Npoctoro 
AONONHUTENbHOrO SNeMEHTa KaK AHOAHbIA pesoHaTOp chegyeT CuvTaTb TeopeTuYeckue paboTb! ANOHCKMX 
yueHbix W.Jiang, K.Masugata uv K.Yatsui [1,2]. B o6eux pabotax paccmaTpusanach BUpKaTOpHaN (ToOUHeE, 
PEAMTPOHHas) cxema. PesoHaTop pacnonaranca Mexpzy AVos0M u O6NacTHlo BUpPTyanbHoro KaTosa. 

[pw YvcneHHomM MofenvpoBaHiun [1,2] npegnonaranocb, YTo nonbiit MOHOSHEpreTHueckui 
SNEKTPOHHbIA NYYOK UHDKEKTUPyeTCA M3 AVOAa C MOCTOAHHbIM TOKOM. [My4oK MpoxoguT yepe3 TOHKKI 
WUNUHAPUYeCK pe3soHaTOp M BXOAMT B UMMVHAPUYECKM BONHOBOA, roe vu cbopmupyetca BUPTYaNbHbIN KATO‘. 
Mpegnonaranocb, YTO BCA cucTeMa NorpykeHa B CUNbHOe akcvanbHOoe MarHUTHOe none, Tak UTO 3NeKTPOHbI! 
COBEPLUAalOT TO/IbKO OCceBOe ABYKeHKe. CTeHKa pesoHaTopa, pasqenAtoluan BONHOBOA VW pesoHaTop, cuNTanacb 
AaBCONMWTHO NPO3payHOH ANA BNeKTPOHOB. 

B [1] pacueT nposoguner ana cnegyouux napamertpos: SHEprvvA anekTpOHOB 3.8 M3B, ToK nyyKka 
40 KA, paguyc nyuka 0.5 cm, ero TonujnHa 1.5 MM, paguyc BonHoBona 3 CM, paguyc MW TONLIUHAa pesoHatopa 7,5 
VY 3 MM COOTBETCTBEHHO, pagquyc OTBEPCTUA CBAS MEXAY pesoHaTOpom U BONHOBOAOM 2.5 mM. 

YucneHHoe MofenvpoBaHve Moka3sano, TO SNMeKTPOHHbI nyyoK 3a PE3OHATOPOM CHSIbHO 
NPOMOAYNMpOBaH Ha COOCTBEHHOM YacTOTe pesoHaTopa. OTpaxeHHbie OT OGNacTH BUPTyaNbHorO KaTofa 
SAEKTPOHbI NPY COOTBETCTBYIOLIEM Cba30BOM COOTHOLWEeHMN cnoco6cTByIoT BbicTpomy pocty KonebaHvii B 
pesoHatope. B CBA3K C STWM @BTOPb! OTMEYAIOT BaXKHYIO POMb OTBEPCTUA CBA3M, ONTMMANbHbIM paamep 
KOTOpOorO onpesennetca U3 Tex cooOpaxKeHui, YTOOb! WHTEHCMBHOCTb KONeGaHvii B pe3soHaTope He G6bina 
CHULUKOM BeEnka “He NPUBORMNAa K OTPaxKeHHtO NEPBUYHbIX SNeEKTPOHOB NyYKa KU NpoGoto pesoHatopa. AsTopsi 
[1] yraepxqatoT, YTO paBeHcTBO YacTOTb! TMQ4Q MoabI pe3soHaTopa YW YaCTOTb! KoNeOaHu BUpTyanbHorO 
KaTOfa NPMBOAMT K YBeENNYeHUtoO schdekTuBHOCTU FreHepauun BUpKaTOpa. 

B [2] wicneHHoe MogenupoBaHie NpoBefeHo ANA Apyrux napameTpos (QHEPruA sNneKTPOHOB 300 KoB, 
TOK nyuka 1.5-2.0 KA, oceBoe MarHuTHoe none 8 KI'c, BHELUHU paguyc nyuKa 3 MM, BHYTPCHHMM pagnyc 1 MM, 
Paguyc BonHoBoga 3 CM, WIMpvHa uM pagvyc pe3soHaTopa COOTBETCTBEHHO 3 MM M 12.5 MM) H vuccnegoBaHo 
BNMAHve SHEpreTHYeCKOrO pa3zOpoca SrekTPOHOB UM M3MeHeEHHVA TOKa NyYUKa Ha YACTOTY. aMninutypy KoneOaHun 
onekTpuyeckoro NoNA B BONHOBOAe. Tak, ecnu 6e3 aHomHOro pe3soHaTopa sHepreTuYecKi pa3s6poc 
SNeKTPOHOB B 3% MpuBoAUuT K NpakTu4ecKH MonHOMy NogfaBneHuio KoneGaHuin onektpyyeckoro Nona B 
BONHOBOFE, TO Npu HaNnuunu pesoHaTopa BNUAHNA Takoro SHepreTuYeCcKorO pas6poca BOOSIE He OOHapyKeHo. 
Kpome Toro, ecnu 6e3 pesoHatopa yBenuyeHue ToKa nyuKa Ha 25% NPpUBOAUT K YBEMWVYEHHIO YacTOTH! 
KoneOaHuii BYpTyaMbHoro KaToga Ha 50%, To mpw Hanuuun pezOHaTopa Takoe Ke U3MeHeEHNe TOKAa 
NPakTUYeckM HE OTpaxKaeTCA Ha YaCTOTe MOAYNALMK NpoXxoAALUerO B BONHOBO, Nyyka. 


Il. YucneHHoe MogenupoBaHne 


Aptops! paSot [1,2] npegnonaranu Hanuune cunmbHoro BHeWwHero MarHvTHOro nons. Kak yxKe 
oTMeYanocb paHee, HavOonee MpwBnekaTenbHoK YepToW npvuGopoB c BUpPTyaNbHbIM KaTOZOM sBNAeTCA 
BO3MOXKHOCTb paboTath uv Oe3 BHeELWIHerO MarHUTHOrO noms. B cBsa3v Cc STM 6bIN NpoBegeH UNKN PpacueTOB ro 
UCCNEQOBaHKiO BNUAHWA AHOAHOTO pe3soHaTopa Ha paBotTy cucTemb! 6e3 BHeELWHeErO MarHUTHOrTO ona c 
NOMOWbIO NONHOFO snekTpomarHuTHOrO Koma KAPAT [3]. Mogenupopanca ocecuMMeTpy4HbI BapvaHT 
BUPKaTOPHOM cxeMbI (puc.1) co cnefyouyMMu napameTpamn: sHeprus anekTpoHoB S00 K9B (TouHee, B 
KOaKCMaNbHbii BONHOBOA CneBa 3anycKkanacb TEM BonHa C pasHOcTbio NoTeHUNanos 500 KB), TOK ny4Ka 17 KA, 
(bpoHT HapactaHun Toka 2 HC, BHeEWHYM MW BHYTPeHHUi Pagvych! SMUTTMPYyIOLLeH 30HbI Ha KaTo“e 
COOTBETCTBEHHO 3M 1 CM, 3a30p Me KAY KATOMOM MM aHOQOM 7 MM, paguyc pesoHaTopa R=3.8 cM, ero TONWNHAa 


Marepuaani 6-1 Memaynapoguot Aéwmckok “Aaxposornonoii Aouhepenyun ApurHaRa'G6. 16-19 cenra6pa 1996 r., Cesacronoan, Kpum, Yepauna 
Proceedings of 6th International @remean rAécrowave Conference GrerHia'G6. 16-19 September 1996, Sevastopol, Crimea, Ukraine 185 





1 cm (co6cTBeHHaAr YacToTa TMg10 MOsb! pesoHatopa cocTasnana ~3 [Ty). Boe pacuetb! npoBogunuicb Ha 
ceTKe c Warom 1 MM ro o60mm vamMepeHnam, UTO COCTaBNANo 7 WaroB Ha KATON—AHOAHbIM MpOMemyTOK. 

Vccnenopanach MOZYNAUMA TOKa B PasNMYHbIX CeYeHMAX. STV CeYeHMA NOKa3aHbl TOUKAMM Ha Puc. 1: 
HENOCpeACTBEHHO Nocne NepBok ceTKH, NOCNEe BTOPON CeTKU, WV Ha paccToAHMU 1 CM 3a BUPTYANbHbIM KaTOLOM. 
B cnextpax TOKOB Merko BbIFeNMTb ABe rpynnbi YacTOT: YacTOTy KOFieGaHuk BUPTyYaNbHOrO KaTONa, KOTOpaA B 
3€BUCUMOCTN OT BENMYMHbI OTBeEPCTHA CcBA3U (panvyc r) MeHseTcA B Npenenax 4.5-6 Tu uv coOcTBeHHyto 
YaCTOTY pe3sOHaTopa ~ 2.5-4.5 Fly (puc.2.). Ha pue.3 npvBegeHb! 3aBucumocTM dypbe-aMnnutTyA TOKOBbIX 
Kone6aHul Ha YacTOTe BUDTYaNbHoro KaTona (*)M Ha CO6CTREHHOK YaCcTOTe pesoHaTOpa { 0 ) OT OTHOWEHVA 
HR pna 2=3.3; 4.3 v 6.2 cm. BUQHO, YTO BHYTPY pesoHaTopa (Z=3.3 CM) "HUSKOYACTOTHbIxX" KoneBaHUn (f-2.5-~- 
4.5 {ffTu) mpaxtvyecku HeT, Tak Kak MYYOK elle He ycnen MpomogynupoBaTecA Ha 3TOM UYacToTe. 
BbicoxoyactoTHbie Kone6Bannn (f-4.5-6 [FTu) o6ycnosneHb! OTPaKEHHbIMM OT BUpTyaNbHorO § kKaTosa 
anexTpoHamu. Cpa3y 3a pesoHaTopom (Z=4.3 cm) B KoneOaHuAx ToKa ye npucyTcTByeT COOCTBeEHHaA YaACTOTA 
pe3oHaTOpa, NPUYEM CYLLIECTBYeT ONTHMalbHOe OTHOWEHMe paguycoB OTBEPCTUA CBA3M MU pesoHaTopa r/R~0.2— 
0.3. 3a BUDTYaNbHbIM KaTOfOM (2=6.2 cM) B CNeKTpe Ke NPeBaNMDYHOT "HU3KOYACTOTHbIe” KONeEOAHUA. 

Takum oOpa3som, W B OTCYTCTBMe BHeLWHErO MarHVTHOrO NONA NpW MpaBYsibHOM BbiOope pa3smepa 
OTBEPCTUA CBA3M SNeEKTPOHHbIA TOK OygeT NpomMogsynunpoBaH Ha COSCTBEHHOM YacTOoTe AaHOAHOrO pe3zoHaTOpa 
He3aBUCcMMo OT KonNebaHui BUPTyaNnbHoro KaTONa (TO eCTb, HE3ABUCUMO OT TOKAa Nyyka W BeENUUUMHbI 3a30pa 
MexDY KATOLOM VM aHOpOW). 


ll. OxcnepuMeHTanbHble uccnenoBaHHA 


YvcneHnHoe MogsenupoBaHne paboTebl BUPKAaTOPa C AHOAHbIM PeE3OHaTOPOM 6e3 BHELUHErO MarHUTHOTO 
nona noka3sano, “TO HaNnune pesoHaTopa CNocoGHO CYWIECTBEHHO YNYYLUVTb acbcbeKTHBHOCTb reHepaynu. UTo 
KaCaeTCA OTpaKaTenbHOrO Tpvofa, TO YWCNeHHOe MOfeENnMpoBaHve Tako CcucTemMbI npepAcTasnveT coon 
cyryGo TpexmMepHyto 3afayy M, XOTA B NPYHUMNe BO3MOXKHO, TpeOyeT oveHb GonbwWoro pacYeTHOrO BpemeHn. B 
CBA3M C OTUM, ObINO NpoOBeAeHO sKCNeEpuMeHTaMbHoOe uccCnenoBaHve paooTb! OTpaxKaTenbHoro Tpvofa c 
@HODHbIM Pe3OHAaTOPOM Ha YyCTaHoBKe. Bbin U3MeCHEH TONbKO AHOQHbIA y3en, KOTOPbIM B AaHHOM cnyyae 
npepactasansn co6oi mMeTannuueckun AUCK AvamMeTpOM 200 MM Cc YKpenneHHbIM B IEHTPe Pe3OHaTOPOM. 

PesoHatop npegctasnan co6oi MeAHOe KONbLIO C BHYTPEHHAM QMaMeTPOM 78 MM WV BbICOTON 14 MM. 
O6e ceTKM GbINM HaMOTaHb! pagnanbHo. LleHTpanbHaw YacTb OOpalieHHOU K KaToAy CceTKM Npe”ACTaBnsna 
co6om cnnowHonw ACK AVaMeTpOM 26 MM, a O6paluieHHon K BUPTyYaNnbHomy KaTOAYy CeTKY — TaKOW Ke AVCK C 
BHYTDGHHMM OTBepcTvem 20 MM B Avamertpe. O6e ceTKM COocTOANN U3 48 CeKTOPOB. 

B npowecce skKCNepUMeHTa V3MEHANOCh paccTOAHve MeXKAY KaTOJOM U pe3soHaTOpoOM ( L ), a Tak Ke 
HanprAxeHve sapagku [TUT-a (U). HanpsaxeHve Ha guone coctasnano ~400 KB, Tok myyKka ~15 KA. 
KoHTponupoBanact orvGalowan anekTpuyeckoro NONA MUKPOBONHOBOTO uMNynbca. Okasanocb, uTo npK L=20 
MM (korga YacToTa KoneOaHv BUpTyaNbHOrO KaToga mpvOnvsvtenbHO paBHa COOCTBEHHOW YaCcTOTe 
pe3soHaTopa) U3NYYEHVA NPaKTUYECKM HET. GTO MOXKeT ObiTb O6YCNOBNeEHO HEAOCTATOUHbIM TOKOM NYYKa B STOM 
enyyae. Npu L=9-12 mm (Korga “uacToTa KonebaHni BUPTyYaNbHOorO KaTOga NPUMePHO B 48a pasa Npesbiwana 
co6CTBeHHYHO YacTOTy pesoHaTopa) HaOnioganach CUNbHaA 3aBUCMMOCTb MOLUHOCTU W3nyYeHuA OT 
Me@XKSNEKTPORHOFO PaCCTOAHMA MW HaNpAKeHMA 3apAqKK (CM. puc.5, FAe MO BEPTVKANbHbIM OCAM OTNOKEHO 
MaKCUManbHoe onekTpuyueckoe mone BONHbI Ha paccTOAHMuM 3 M OT BbIXOAHOrFO OKHA B OTHOCUTENbHbIX 
eAMHNuax). Takum o6pa30m, pe3ynbTaTb! NpeABapUTeNbHbIX SKCNEPMMEHTOB NO3BONANWT PaCCHMTbIBaTb Ha 
yBennvyeHve sdCPeKTUBHOCTUM FeHeEpal|MU C UCNOsSIb3OBAHNeEM AHOLHOTO pe3soHaTopa B CXeEMe OTPaxkaTeNbHOro 
Tpvova NPV ONTUMANbHOM BbI6bope NapaMeTPOB CUCTEMbI. 


IV. SaknmroueHne 


TeHepaToOpb! MOLUHbIX MUKDOBONHOBbIX UMNYNbCOB Ha OCHOBe NpKHKGOopos Cc BUPTyaNbHbIM KaTOfOM Oe3 
BHelwHerO MarHUTHOrTO NONA MpeAcTaBnAwT GoNnblwow WvHTepec ANA uccnepAoBaTeNnev W3-3a MpOcCTOTb! u 
BOSMOXKHOCTH NONYYEHUA BbICOKOU schcbeKkTMBHOCTU No OGule 3aTpPa4W“BaeMOK MOLUHOCTM. HefoctaTKW TaKoro 
Tuna reHepaTopoB MoryT GbiTb ucMpaBneHbi MyTeM BBEACHVA AOCTATOYHO MPOCTeIX MDONONHUTeSIbHbIX 
9NeMCHTCB, HANPUMeDP, AHOAHOTO pesoHaTopa. 

Pa6oTa nogmepxaka Poccuiickum DoHs0mM OyHAaMeHTanbHblx UccnenoBaHui. -. | 
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VIRKATOR WITH ANODE RESONATOR CAVITY 


Kogutnitsky A.E., Mikhailov V.M., Nesterov E.V., Plaksina S.D., Roschupkin S.A., Shumilin V.P. 
High Energy Density Research Center, RAS, IVTAN, 13/19 Izhorskaya St., Moscow-127412, Russia 
fax (095) 4857990 


The results of numerical simulations of microwave oscillator (VVIRKATOR type) with anode cavity are given. In absence of the 
leading magnetic field, the effect of resonator cavity sizes on the electron beam current modulation is investigated. It is found that 
the amplitude of electron beam current modulation corresponding the resonator frequency strongly depends upon size of resonator 
hole and is independent of the current value. This fact gives reasons for developing of new effective microwave generator. 
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PFEHEPALIVA MOWHbIX MMMNYRbCOB CBY 


HA YCKOPUTENE : 
C MHAYKTUBHOM ®OPMMPYIOLIEM NIMHVEN 


K.B. FopG6aues, V.O. 3onotbix, A.J. Fucwuxun, E.B. Hectepos, B.lO. Netpos, C.4. Mnaxcuua, 
C.A. Powynkun, B.A. Crporanos, E.B. Yepxbix, B.F. Lllymmnun, {1.17. sixopnes 
HayyHo-uccriedoeameribcKuG UCHMpP MelTOGQUSUKU UMMYSIbCHbIX eo3deucmeuU PAH 
ViBTAH 127412, Mockea, Vokopcxaa 13/79, Poccuar 

cbaxc 095 4857990 








AnHomauust - KenaHve COBMeCTHTb NpenmywiectBa cbopmupylowwux NUnUA (Pf) c KOMNMAKTHOCTbIO VHAYKTUBHOrO 
HakonuTena (UH) nogtTonkHyno kK paspa6oTKe yckoputenn c Of], 3anutTbiBaemow ToKOoM. CoOpaHHbii mo GaHHOU cxeme 
YCKODMTeNb NOSBONUN YYYWHTb KaYeCTso chopmupyemoro Nyyka, YBEFIVNMTb YPOBEHb TeEHeEPUpYeMOTO OTpPaxkaTeNbHbIM THKOZOM 
CBYU-n3ny4YeHUn VW YNYYWMTb sHepreTHYueckKylo achbcbexTHBHOCTh BCero yCTpovicTBa B Wenom. B goKriage paccMOTPeHbil 3anuTkKa U 
CcbopMMpoBaHve MMNAyMbCa BbICOKOrO HaNpAKeHMA B NPYONMKeHUM UAEANU3MPOBaHHOTO pasMbikaTenA W NPUBEAEHb! Pe3yNbTatTbl, 
nonyyenHbie Ha yckoputene "KI B skcnepuMeHTtax no reHepaynn CBU. 


|. BBegenne 


Yexoputenu c OF] HanGonee wWinpokO UcnoNnb3yloTcA B SKCNEpvHMeHTAaX MO TeHeEpalWi MOLLUHbIX 
vmnynbcop CBY. Hy3koe BHYTpPeHHee conpoTuBneHve, xopowanA cTaGunbHocTb wv sBbicokuu KII{] menarwr 
UACTOYHMKM Takoro THNa YROOHbIM UHCTPYMEHTOM ANA UCCNeROBAHYA pasnuyHbix TunoB CBY-reHepaTopos. © 

Bonee mpoctble Ww KOMMAKTHbIe yckopuTenv c MpOMexXyTOYHbIM WH HaxogAT orpaHnyeHHoe 
npvmMeHeHve. OcCHOBHOM HeMOCcTaTOK Takvix CMCTeM - HUM3KOe KaYeCTBO cdopmupyemoro nyyka BeneACTBUe 
HENOCTOAHCTBA YCKOPAIOLUErO HaNpAKEHMA VW BbICOKOrO BHYTPeHHero conpoTuBneHua. BnuaHue 3THx dakTOpoB 
Ha paSoty oTpaxkaTenbHoro Tpvoga paccmoToeHo B [1]. Mb! Monbitanvich pelwiutTb npoOnemy ucnonb30BaB 
BM@CTO KATYLUKM VHAYKTMBHOCTM CbhopmMupyloldyto NUHMIO, 3aNVTbIBAeEMYHO TOKOM. 

Hue NPUBeAeEHO ONVCAaHMe YCTAHOBKU VM pe3syNbTaTb! HEKOTOPbIX SKCNEPUMEHTOB NO reHepayuu CBU, 
BbINONHEHHbIX Ha Hel. 


ll. SkKcnepHnMeHTanbHan yCTraHoBka 


Mpencrasnenve o6 adbcbeKTMBHOCTM CxeMb! C WHAYKTHBHbIM HaKonuTenem (UH) B Buge Dl ana 
reHepallMM UMMYNbCOB BbICOKOFO HaNpADKeEHUA MOXKHO MONYYUTb Ha OCHOBE MPOCTOM MOAENU pa3ambikaTena Cc 
SKCNOHEHLIVANbHO BO3PaCTalOLeM COMPOTMBNeHieM: 

r =f, exp(t/t), (1) 

re t - NOCTOAHHAaA BPEMEHM Pa3smbikaTena. 

OnekTpuueckan CXeMa YCTaHOBKM NoKa3saHa Ha pyc. 1. Mpoyecc sanutkn Ost go Havana pe3Koro 
BO3PaACTaHUA CONPOTVBNeHUA SNeKTPYYeCKM B3PbIBAaeMbIX NpoBoAHUKOB (OBI]) moYyTH He OTNMYAeTCA OT 
3aNUTKM KATYLUKU C VHAYKTUBHOCTbIO L = Zp t (Zo - BONHOBOe ConpoTMBNeHHe OJ, t - ee snexTpuyeckaR ANUHA), 
Tak Kak XapakTepHbieé BDeMeHAa Ha 9TOM 3TaNMe 3HAaYUTeNbHO GonblWwe ABOMHOK sneKTpuyecKkon AMMHbI OI1. 
Nocne cpa6aTbipaHvaA SBI] 3sanaceHHbin TOK NepeKniouaeTcR 8B Harpy3Ky VW, ECNM WHKPeMeHT HapacTaHuAr 
conpotusneHua OBM +t <<t, TO Ha Harpy3Ke cbopmupyeTcA umnynbc HanpAxKeHuA UL ~ lo Zo Zi/(Zo + Z1) 
ANUTeNbHOCTbHO 2t (lo - TOK, 3aMaCEHHbIM B NUH K MOMeHTY B3pbiBa, Z, - AMNegaHc Harpy3Ku). 

B paccmaTpvBaemou” mofenu ucnonb3yetTcA ugeanbHbii paspAgHMK P, nogKnrouatouwWi Harpy3ky B 
MoMeHT t = te. Eon te = 0 u anexTpuyeckan anna Os) te > 2T, TO HANPAMKEeHMe Ha Harpy3Ke gNA DIT: 

Ur = fo Ts (Zo TE Ri EI ett); (2) 
roe lo - TOK, 3anaceHHbi” B OS] kK MomeHTy t = 0; F - KoscbcbuuMeHT, YUMTbIBalOlMA OTpaxKeHVe BONHb! TOKa B 
SIMHMM OT Harpy3Kku. 

ONTVManbHan fo MOLLHOCTY Harpy3Kka Ropt* Zo. MKOBaA MOLUHOCTb Ha CormmacoBaHHon HarpysKe (R; = Zo): 

2 


ee -4 
Pina os 9 [1+ exp(&)| (3) 


MoctonHHan BPEMeHU tT ABNAETCA OCHOBHOK xapakTepucTuKon pasmblkaTena. BnusHie t Ha MOLUHOCTb 
B Harpy3Ke MOXKHO onpegenutb no cnegyoulum cbopmysnam: 
<« dP 4 € exp(— 
max __ 46 p( §) ana Of u (4) 
Pace. 3dt 1+ exp(—&) 


ae «| SAO PO eas 
max 2 2 yp 0 Lang katy. (5) 
Pag Mt. A 1+€ 
roe €=te/t. 
Marepuaai 6-11 Mexayuapognolt Agemcrot Maxpowoanorai Aonprepenusm RewMaKo'G6. 16-19 centa6pa 1996 r., Ceaacronoan, Kpnim, Yepania 
188 Proceedings of 6th International Zeemean “Mécrawave Conference (rerW20'G6 . 16-19 September 1996, Sevastapol, Crimea, Ukraine 








PaccMOTpeHHad MOfsenb BaeT npenctasneHue o6 o6nacty 3Ha4eHVi Napametpa € = te/t, rye 
vucnonbsoBaHne DJ} BMeCTO KaTYLUKM enecoo6pa3Ho gna NONYYCHMA MaKCUMAaNbHOW MOLJHOCTH Ha Harpy3Ke. 
{Ina reHepayun CBY cxema c OF] npennoutytenbya no ABYM NPUYKHAM: NyYwWaA CTaOVNbHOCTb MW AKTMBHOS 
BbIXOAHOe conpoTuBneHue. Kpome Toro copma nonyyaemoro umnynbca 6nwKe kK MPAMOYFONbHOK, YTO 
NO3BONACT NOBbICUTb 3c)eKTUBHOCTb Mpeocbpa3zo0BaHun sHepruu nyyKa B SHEpruio CBU-nanyyeHna. 

B onvcbiBaemMou ycTaHoBKe ucnonb30Banacb Of! ¢ BONHOBbIM conpoTMBneHvem Zo = 27 Om. OF] 
3anuTbiBanacb MOO OT MAPHUTO-KOMMpeCCKOHHOrO reHepaTopa (MKT), nu6o ot FUT, sapsxaemoro 70 
HanpsxeHia 70...90 KB. [Ina TecTupoBaHuA ycKopuTensa vcnonb30Banca OTPaxKaTeNnbybIA Tovon, NoApoObHOe 
ONMCaAHKE KOTOPOTO MOXKHO HaWTH B [2,3]. TpacbuToabii KaTog umen Avametp 83 mm. AHO - ceTKa u3 
HEPKABeOLeK CTanu c reomMeTpuYecko NpospauHoctoio 0,7. 3a30p MeExKpY CETKOM UM KATOZOM BapbupoBanca B 
npenenax 7,5...14,5 mu. 

Ha pic. 2 npvBegenb! ocuwnnorpammbl HanpAxKeHnA, TOKa uv oruGarowen CBY npu 3apsagHom 
HanpsKeHun 86 KB. HanpskeHie Ha Harpy3Ke perynupoBanocb ucnom NPOBOAHMKOB VU HaNpsDKEHKMeM 3apAAKU 
PUT. Tpacbuk 3 unnioctpupyer sasvcumoctb nuKoBoii MOLUHOCTH nyYKa Pg OT HanpsxKeHUA 3apAAKM Uc ana 
3a30pa 9,5 Mm. BnnaHve 4ucna npoBoAHMKoB Ha chopmupyembi4 UMNYyAbC 3HaNUTeMbHO cnaGee (puc. 4). Jina 
KaKAOTO HaNpAXKEHUA 3apAQKM Uc cyLecTByeT ONTUMaNbHOe YVCNO NPOBOAHMKOB Nopt / Uc = 0,36 KB" , BOnu3y 
KOTOpOrO aMnnuTygaa UW cbopmMa M“MNyNbCa NOUTM He MEHSIOTCR. 

YCKOpUTeNb NPOAEMOHCTpMpoBaN XOpOlWyKO CTaGUNbHOCT paOoTb!. OTKNOHEHVe MOLUHOCTY Ny4yKa npn 
OAHMX YW TeX KE HalaNbHbIxX YCNOBMAX HE NpeBbiluaNno +3%, uTO COOTBETCTBYeT TOUHOCTH V3MepeHUR 3apAAHOrO 
HanpaKeHiuA TUT. SHayeHve Nop, MOLWHOCTM ny4kKa MW BpeMeHU sapAgku DJT xopowo cornacywtca c 
pe3yMbTaTamMu YACNeHHOro MogenupoBaHua. 


Hi. Tenepauun CBY 


fina getextupopanusa CBU-ymnynbcos 6Bonbwor MOLHOCTH B ANvanasoHe 10 cm pa3pa6boTaH 
WMPOKCNONOCHbIN AAaTUNK orvOaloWe Ha OCHOBe mas¥KoBoro Avoga 60169. Ona usmepexus yactotpi 
USNYMEHNA = =UCNONb3ORaNUCb =63anpegenbHble §=BONHOBOAbI. SHeprua CBU-umnynbcoB = =6vaMepAnacb 
Kanopumetpom [4]. 

FeHepaywa HaunHanach Ha poHTe ToKa Np AOCTWKeEHUN 3Ha4eHUA Is = (7,5+0,7) KA He3aBUcUMo OT 
@MMIMTYAHOTO 3HaleHuA TOKa IM M 3a30pa MexAY KaTOGOM M CeTKOM (pyc. 5). Ecnn ToK ny4uka 3amMeTHO 
npesbiwan ts, HaGnoganacb ycTovunBas reHepauua. Mpu atom 6bina cta6unbHa He TonbKo sHepruaA CBU- 
uMnynbca, HO vu cdbopma oruOatowel. 

MakcumanbyHan sHeprua CBU uanyyeHua 5,6 D>k 6bina nonyueHa Ha 3a30pe 95 mM, 
COOTBETCTBOBABLJEM ONTMMaNbHOMy CormmacoBaHuiod Auona c OJ). Muxopan MOUHOCTb coctasuna ~200 MBrt 


Ha AnWHe BOnHbI A ~ 7 cm. Ha puc. 6 oTMeYeHbI SKCNEpUMeHTaNbHble TOUKM, COOTBETCTBYHOUINe sHeprun CBYU- 
vmnynbca 4 SHeEprMuu nyuka. 


IV. SaxrnioyveHne 


C uenbto ynyyWweHuA Ka4eCcTBa ONeKTPOHHOrO nyuKa B CUCTeMaX Cc NPOMEXYTOYHbIM WHAYKTUBHbIM 
HakOnWTenem Obino NpeANOKeHO MCNOsb30BaTb BMECTO KaTYLUKV chopmupyiowyro nuxnio. Ana nposepku 
padotocnoco6Hoctu ufgen ObINn NocTpoeH ycKopuTenb. MpoBeAeHHble SkKCNepUMeHTbI NOKa3anu NonoxKuTenbHoOe 
BIWAHVE STOTO U3MEHEHMA Kak Ha CTaOVMbHOCTb BbIXOAHbIX NapaMeTpoB yckoputenaA, Tak WU Ha paboTy 
OTPakaTeNnbHOrO Tpvoga, VUCNOMb3oBaBlwerocA B KaYeCTBe Harpy3Kv. Bainw TakwKe BbIAICHeHbI HeEKOTOPbIe 
ocoOeHHocTw §=moBeseHuA oTpaxkaTenbHoro Tpvoffa, 8B YaCTHOCTW, HeE3aBUCMMOCTb sHeEpreTuYecKor 
acbchekTMBHOCTH FeHepalun OT 3a30pa MEXKAY KATOZOM UV AHONOM. 

PaSoTa nopgepxana Pocculickum PoHAoM OyHAaMeHTanbHblx Uccnegosaunn. 
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HPM GENERATION ON INDUCTIVE FORMING LINE ACCELERATOR 


Bezrukov M.J., Gorbachev K.V., Chernykh E.V., Zolotykh 1.0., Lisichkin A.L., Nesterov E.V., 
Petrov V.J., Plaksina S.D., Roschupkin S.A., Stroganov V.A., Shumilin V.P., Yakovlev D.G. 
High Energy Density Research Center, RAS, IVTAN 13/19 Izhorskaya St., Moscow-127412, Russia 
fax (095) 4857990 


HPM pulses generation in 3 cm and 10 cm wavelength ranges by using of the inductive forming tine accelerator with reflex triode 
was researched. The match between reflex triode and energy supply source and the dependence of the reflex triode oscillation 
efficiency on the electron beam quality are considered. The radiation frequency dependence on the anode-cathode gap was 
investigated, the cathode boundary plasma motion was taken into account. 
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Puc. 1. DiekTpwueckasd CXCMa YCKOPHTCIA. 
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Pue. 2. OcrmurorpaMMbl HalipsxkKenast Ha WHOUC, TOKa, MOIWHOCTH Wydka HW CHTHa C WaTaHKa 
orm6arouen CBU npu 3apsaHom Halipsxenuu 86 KB. 
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Puc. 3. 3aBHcHMOCTD IMMKOROH MOonHOocTH Puc. 4. 3aBHcHMOCTh ToKa WaMoua oT 
Hyaka OT 3apsxyHOro HalipsxeHwaA. 3a3z0p 9.5 MM, HOPMHpoOBaHHOro YMCA WpoBpoyAHKOB OBIT. 
28 MCXHbIX UPOBOXHHKOB HaMeTpoM 50 MKM H 1: 1 = 400 mm, U. = 66 KB; 2: 1 =400 mm™, 
mimnow | = 400 mm. U. = 72 KB; 3: 1 = 400 mm, U. = 78 KB; 
4: 1 = 500 mm, U, = 78 KB. 


A-11mm gap 
o-8mm gap 
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Puc. 5. 3aBHcHMOCTb ItycKoBoro TOKAa Puc. 6. 3aBucumMocth eHcprun CBY- 
OTpaxkaTCHbHOrO TpwOya OF MaKCHM@aJIbHorO ToKa HMIlyJIbCa OT OHCpYuMH WYYKa WIA pa3zITHbIX 
myaka WL 3a30pon 8 wu 1] mm. I, = 7.5 KA. 3a30POB MEXy KaTONOM H CeTKOH. 
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KANOPAMETP AMNYRbCHOTO 
CBY-ASHY4ERKMA 


Jiucmuku A.Ji., Hectepos E.B., Ctporavos B.A., Wymunue BT. 
HayyHo-uccriedosamenbckul) UeHMp Menriocusuku UMMlyfbCHbIX eo3deuicmeull PAH 
VUBTAH, VoaxopcKkaa 13/19, Mockxea, 12/7412, Poccua 





AnHomauus - PaspaSotaH Kanopumetp, NpegkasvayeHHblii Aa H3MepeHnA sHeprun CBU-vmMnynbcos ANVTeNnbHOCTHIO 
OT EAVHMU HaHOCeKyHA Ao 1c. Npvxuvn AevicTBAA KaNopuMeTpa OCHOBaH Ha NOPMOWeHH Y3SNyYeHYA MONAPHOU KUAKOCTbIO U ee 
pacluMpeHHv B KanUNnap. Mnowanb nornowatoue noBepxHocTuv cocTaBnaeT 1300 KB.cm (36x36 cm), AvianasoH “sMepReMoK 
aHepruu Q oT eAMHKu ML>K Ao 100 Jk (MAHAManbHan peructpvpyeman NNOTHOCTS sHEprnn oKONO 3 MK{pK/KB.cM). KoacbcbyuMeH}T 
NOrnoWweHWA SHEPrMK MsnyYeHuA cocTaBnseT oT 90 no 99% B AvanasoHax ANMH BONH 2,3 - 3.7 vu 7.5 - 12 cM. NMorpewHoctb 
V3MEPeHHA NONOLWEHHOU SHEepruy - MeHee 5% np Q > 20 Mix. 


|. BBeneHve 


B HacTOAee BDeMA WMPOKO HCCNesyIOTCA reHepaTopb! cBepxMOWWHOrO (~ FBT) “MnynbcHoro 
MMKpDOBONHOBOrTO w3anyYeHuA. [INA U3MePeHMA EfO MOLWHOCTM MW SHeEPrHK UCNONb3yYIOTCH, Kak NpaBuno, 
aneKTpuueckue cpegctBa QvarHoctnku. flpu 3TOM YacTO BO3HMKaeT KeENAHUe KOHTPONMPOBATb NPABUNbHOCTb 
V3MePeHMA APYTUM, He3saBUCchMbIM, METOMOM. TakviM METOZOM MOKET CNYKVTb KAaNOPUMeTPUMYeCKMK, OAHAKO, 
co3naHve pa6oTocnoco6Horo KanopumeTpa CBA3aHO C ONPeEAENeHHbIMU TPYAHOCTAMHM. OGbIYHO ANUTeNbHOCTb 
CBU-umMnynbcos He NpeBbILWaAeT AECATKOB - COTEH HAHOCeKYHA UW CYMMapHad 3SHEprUA HEBeNMKa VW COCTaBNAIOT 
BenWuMHb! OT Fone AO AecATKOB pKoynel. Kpome Toro, reHepaTopb! CBY-n3anyyYeHin Oonbuiow MOLIHOCTV 
UMelOT 3HA@UUTEMbHbIe anepTypbl BO u3bexKaHve mpoboeB no noBepxHocTw CBY-oKHa wu, TakKAM OOpa3omM, 
HeEOonblune BENUYWHb! NNOTHOCTH SHEprMn. 

B HacToAUeA paboTe npencTaBneHb! pesynbTaTb! paspaSOTKN BbICOKOYYBCTBUTENbHOTO, WMPOKoO- 
AMana3s0HHoro Mo K3MepAeMOK SHEPrMM KaNnopumMeTpa Ha YaCTOTb! MUKDOBONHOBOrO u3snyyeHyA f ~ 3.4 10 FT u. 


ll. OCHOBHbIe NONOKeHMA 


VSBeCTHO, 4YTO NONAPHbIe RXUAKOCTU CNOCOGBHbI XOpOLO NornowatTb sHeprutio CBU-v3snyyeHuaA. Mpu 
9TOM OHM HarpeBaloTcA “ pu Hannvunuu cBoOogHoro MpocTpakcTBa pacuwMpAioTcA. YaenuueHve oObema 
XKUAKOCTH, ABNAIOLUEeCA MepOl NOrNouWeHHOR SHEpruu, MOKHO V3MepPATb NP MOMOLIM KanunnApa. OTOT 
NpMuHYYMN SbIn UCNONb30BaH ANA onpegeneHvA AusneKTpuyeckux CBOVCTB %*XUAKOCTeU MW ANA vusmepeHnaA 
BenvuuvH E vu H anektpomarHuTHOrTo MONA NpW UCNOMb30BaHMN MKVAKOCTeW C U3BECTHbIMY AKSNeKTPUYeECKMMH 
cBoluctBamy [1]. Ha sTom xe NPUHUMNe OCHOBaH KaNnopuMeTp, ONMCAHHbIM B [2]. 

OcHOBHbIMM MpoOmemamu mMpu co3sgakvu KanopuMeTpa ABNAWOTCA BbIOOp MaTepvana Kopnyca 
KanopumeTpa, paSoyer (nornouwjarowen) x«ugKOocTH (p.x.), reomMeTpuN mMornoljaiowero cnoA Uu cnoeB 
Avanektpnuka, oObecneuvBalolune, C OAHOKW CTOPOHb!, MAKCMMANMbHbIA KOSCPCUL|I“EHT NOMMOWEHNA B BO3MOKHO 
LUMPOKOM AManasoHe ANMH BONH, a Cc APyroU, BbICOKYIO YYBCTBUTEMbHOCTb W LWMPOKUM AMana3oH U3sMepAeMOnK 
SHeEprun. 

NepeywicneHHbie TpeGoBaHuA NerkO YAOBNETBOPAIOTCA B KOPOTKOBONHOBOM YaCTM CaHTUMeTPOBOrO 
Avana3soHa MW Ha MMSNMMeTpOBbIX BONHaX. B ANWHHOBONHOBbIX Bvana3s0Hax CBU c WenblO yMeHbLWeHuA 
o6bema paboye oKMAKOCTH MpuxXOAUTCA VcnoMb30BaTb Gonee CNOMKHbIeE MHOTOCNOMHbIe KOHCTPYKUMM, 
ONTUMM3aUWA KOTOPbIX BeNacb NO pa3spaGboTaHHOW aBTopamn Nporpamme Ha OBM. 

PaccMOTPUM TeMNodu3svyeckKuA ACNeEKT MPOL|eECCoB, NPOUCXOAALIMX B XKUAKOCTU NpU NMOrnouwweHuUu 
SsHEpruM KOpOTKHX ( ~ 100 Hc ) umnynbcop CBU-v3nyyeHur. B TeYeHuM MMNYNbCa B KUAKOCTH HapacTaloT 
Temnepatypa UV gapnenve. fic ero OKOHYaHUM M3-3a HEPABHOMEPHOCTH NOMNOWeHNA TemMnepatypa u AaBneHue 
B pa3snMuHbix TOUKAX OG beMa P..K. OKA3bIBAIOTCA HEOAUHAKOBbIMY, BOSHUKAIOT BOSIHbI BOSMYLUICHMA, KOTOPb!e 3a 
BpemeHa tx ~ Lx/a(rge Lx - xapaktepHbid pasmep OObemMa P.X., a - CKOPOCTb 3ByKa B HEM ) BbIPABHUBAIOT 
fasneHve BO sBceM oOObeme. Tlocne gToro, 3a BpemA tp, onpegenremoe BA3KOCTbIO P.K., AYaMeTCPOM 
KanuninaApa WwW Mp., XUAKOCTb pacwupAetTcA, uv ee ypoBeHb B KanvnnApe noBbluiaetcA. Mpn ycnoBun 
coBbniogeHunr aguabaTu4HocTu, v3MeHeHMe CpesHei Temnepatypp! At, gaBneHun Ap, oO6bema xKvAKOCTH AV uv 
ee BLICOTbI B KanunnaApe Ah cBx3aHbI C BNOKKEHHOUW SHEprve Q COOTHOLUCHMAMK: 

At = Qi(cpV) ; Ap= BQ/(cpyV) ; AV= BQ/(cp) ; Ah= B/(S,cp), roe 
¢,0,8,7, V- COOTBETCTBEHHO TENNOEMKOCTb, MNOTHOCTb, KOSCDULNEHT OObEMHOrO PACLWUPEHUA, CKUMACMOCTb VU 
o6beM poK., Se CeYeHNe OTBEPCTHA Kanunnapa. Ha TOUHOCTb V3MeEPeHNA OKa3sbIBalOT BNUAHMe AVHaMUuYecKoe 
YW cTaTvYeckoe yBenvveHie DaBNeHVA B P.K., a TakoKe CeYeHve KanunnaApa. Ycnopue agqMvabaTMY4HocTu, Kak 
noka3ar OL|EHOUHbIN pacueT, a 3aTEM VM SKCNEPMMeHT, BbINONHAeTCA ANA BbIOpaHHOK reomeTpun npuv ycnoBuu 
Masloro BODeMeHM (~1-2 Cc) N3MeEpeHMA CUrHasa. 

Fina UCKMWOYeHHA ANOFPELUHOCTH V3MePeHWA, CBA3aHHOM Cc TeMNMepaTyPHOM 3aBUCMMOCTbIO 
TENNOCU3UNECKUX VW AVSNEKTPUYECKUX NapaMeTPOB P.*K., ObINO NPUHATO peweHne NPOBOANTb BCe H3MePeHuA 
Mpv OfHOKM Ww TOM Ke Temnepatype. TakanA Temnepatypa AOKHa OblTb BbILUe BO3MOKHOM Temnepatypbi 
oKpyKalolWenv cpenbl wu MOxKeT ycTaHaBnuBaTbcA UW cTabunusnupoBaTbcA Npw NOMOLIM sNeKTpYYecKOorO 
HarpeBatens, NOMELUCHHOrO B pabouylo KUAKOCTb. 

Bce 9Tv NpMHuMNb! GbINK ucNoNnb30BaHbI Npv CoagaHun KAaNOpMMeTpa C MOPNOLWaroujen NOBEPXHOCTbIO 
330 KB.cm [3]. OnucbiBaembii B HacTOAWeN paSoTe npuSop oTnuyaeTcA OT Hero YBENUYEHHOU NNoWAasbto 
NOrnowjarouwen MOBEPXHOCTH, YNYYWeHHbIMA XapakTepuicTukKamu NMormmoweHna, Gonee nomexoycTohunBor 
CXEMOU U3MEPEHMA. 
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lil. Onucanne KanopumetTpa 


Ha OCHOBaHMY paCHeTOB, a TakWKeE NPOBSAeHHbIX MOJENbHbIX SKCNEPY“MeHTOB, B KaYecTBe paboYyel 
KVAKOCTH ObiIn BbIOPaH STMNOBbIN cnupT, a B KaveCTBe MaTepuvana Kopnyca Kanopumetpa - oprctekno: Guinn 
BbIOpaHbl reOMeTpUA NOrnousaloLe;ro CoA UW CNOA cornacyroluero AMaNeKTpUKA. 

OTUNOBbIA CNUPT, KPOMe XOpoLUMX AMeNeKTpHYeCKUX CBOlicTB, OBbnagaeT pagom ppyrux pocTouHcTs: 
XOpOLUO CMauMBaeT CTEKNO, ABNAeTCA pacTBOpuTenemM %xXupoB KW Macen, vMeeT SoNnbLCH KOacdcbMUNeHT 
OObeEMHOTO pacuiMpeHuA KW np. Y nnekcyvrnaca Manbili TaHreHc yrna noTepb Ha CBU, YAOBNeTBOPUUTesbHbIe 
MexaHuyecknue KM Temnodusnueckne CBOUcTBa. | 

Mornouwjaroujvun Gnok Gbin BbINONHeH B BUge napannenenvnega pasmepamu 400x400x63 mM c 
KaHanamu, B KOTOpble 3anvTa p.«K. KaHanbl coobuwatoTcn mexKgy coboh u pce BMeCTE CO CTeKNSHHbIM 
KanusinApoM. B oObéme pabouen KUAKOCTU pa3sMeLeHb! 4Ba HAXPOMOBbIX HarpeBaTeNnA, OAWH U3 KOTOPbIX 
Cny KUT ANA NoforpeBa p.K. wv cTaOvnuzayMn ee YPOBHA B KanunnaApe, Apyroi - AnA Kanu6posKu Kanopumertpa. 
B BepxHe YacTu K Gnoxy npukneeHa BTyNKa c paclwMpuTeNnbHOW NonocTbIO, Ha KOTOPYIO B CBOIO ouepefib 
ycTaHaBnvBanca KanunnaAp. Tinouwafb nornowatoujen moBepxHocTu coctasnana 1300 ks.cm. Kopnyc 
nomewanca B Tennonsonupyrownd Kopos. 

VsmepeHve V3MeHeHVA YPOBHA pK. B KanVnApe Gbino opraHv3oBaHo cnegyoulum obpasom. K 
HapyKHOW MOBepXHOCTM KanunnApa G6bINM npuKneeHb! cumMMeTpPUYHO Be MeTannuueckve nnactuHbl, 
COCTaBNAIOLIME WU3MEPWTeNbHbIA KOHAeHCaTOp. U3meHeHve eMKOCTA KOHGeHCaTOpa onpefenanocb no 
V3MEHeHHIO NpoTekatolero Yepe3s Hero NepeMeHHorO ToKa. Mlone3HbIA CMrHaN perucTpupoBancs UMdpPoOBbiM 
oclwnnorpacdom, paSoTaBluMM B pexKVMe HEMpepbIBHOK pa3sBepTKu. 


IV. Mpopepka pa6otocnoco6bHoctTn kanopumetpa 


Mpopepka pafoTtocnoco6Hocin Kanopumetpa Bkniouana B ce6A cnepyioluve npouesypb!: 

1. UsmepeHve KoOaddulUMeHTOB OTpaxKeHYA Ha NaHOpaMHbIX wv3mMepuTenAx KCBH B guana30He 
4YaCTOTbI ANWH BONH OT 3 AO 12 cm. UsmepeHuA noKa3anu, YTO npu XW =7.5 - 12 u 2.3 - 3.7 cm (cm. pu.) 
KOsuyveHT nornowenuA Kn=0.9 - 0.99 kak gAnA cnyyas, Korga BekTop E napanneneH ocam KaHanos 
(pacueTHan KpuBas a), Tak WU Kora nepneHAMKynAped (KpvBas B). [pu A = 3.7 - 7.5 Kn Gonee 0.75. 

2. Onpegenenue rpagyupoBouHou xapakTepuctuKu S=dU/dQ=f(h) - mpov3sBo_unock nogayei Ha 
KanvOpoBouHbi4 HarpeBaTenb MpPAMOYFONbHbIX WMNYNbCOB HaNpsyKeHUA pANNTeNbHOCTbIO tn=1.12 c oT 
reHepatopa . OHeprna B uMNynbce cocrasnana 2.9 fx. Tpanynposka npovssoqunacb no Bce# gnune 
KOHACHCaTOpa UW NOKa3ana, YTO OTKNOHEHME F.X. OT KOHCTAHTbI He NpeBbilwae}T 3 %. 

3. OnpegeneHue TOUHOCTH “3MePEHUA NOFMNOWEHHOM SHEpruM NpousBoAMNoch Tem %«Ke CNOCOGOM B 
Avana3zoHe aHeprui Q=4 mMOx« - 2 TK Npuv AnutenbHocTu tn=1000-2 mc. OxcnepumeHT NoKa3an, UTO TOUHOCTb 


U3MEPeHuA NOMMOUWeHHOU SHEpruv, B3ATAA KaK YABOeHHOe cpenHeKBagpaTuyeckoe oTKNOHeHMe (CKO), 
COCTaBNReT: 


+ 30% npwv Q=4 mfx: 
+ 5% npw Q=20 mJ); 
+1.5% npvu Q =0.2 -2 fx. 
NpupefernHbie ana Q 2 20 M{DK AaHHbIe NonyYeHb! MPH NOMOLWM cNeuMaNbHoM cncTeMb! Kanunnap- 
KOHAeHCaTOp. MoxkHO OTMETHTb, YTO CKO Temnepatypbi u BbICOTb! cTonGa >KUAKOCTH B MyYWweM cnyyae 
coctapnaet 0.08 MKrpan uv 0.25 MEM. 
4. Ilpopepka paSotocnoco6Hoctu kanopumetpa npn Gonbuux (go 100 fbx) sHepruax npomaBogVnack 
Ha UMNYNbCHOM MarHeTpoHe, padoTaBLeM B UMMYMbCHO-4aCTOTHOM pexKuMe Npw YacToTe nocbinok 1 KMy, 
ANUTENbHOCTM YMNynbCoB 280 HC, ANVHb! BONHbI 3CM KM UMMYyMeCHOM MoLUHOCTU 200 KBT. Uncno umnynbcos B 
cepuu cocTaBnano oT 190 fo 2200, a cymMapHar sHeprun B Cepnax oT 9 no 110 D>K. SkcnepumeHT NoKkasan, 
YTO NMHENHOCTb 3ABUCMMOCTH CUrHana OT BNOXKEHHOM sHepruu CoxpaHAeTcA fo Q=100 fbk - CKO u3mepeHHon 
SHeEpruu coctaBuno 1.24 fx. 
5S. A3MEPeHUA Ha OTPaxkaTenbHOM Tovose, 3aNUTbIBAeMOM OT CUMbHOTOUHOTO ycxoputena (450 KB, 18 
KA, 100 Hc), npw ycTaHoBKe KanopuMeTpa BNNOTHYIO K BbINYCKHOMY OKHY reHepatopa, noka3sanu nonHoe 


OTCYTCTBNE NOMEX NpW U3MepeHMU SHEprud Ao 100 mfx, a TakKe OTCyTCTBNe CUurHana OT TOPMOS3HOrO, yibTpa- 
duonerTosoro uv Ap. usnyueHni. 


V. SaknioyveHne ae 


NloABoms UTOr, MOX%KHO CAENaTb CneAyOWWwMe BbIBOAbI: 

1. Co3fqaH kanopumetp, o6nagaiouMii BbICOKOM YyBCTBUTeENbHOCTbIO K MOrnouleHHon SHeEprMu. 
NpegenbHan MUHVMalbHad u3sMepseMaA MNOTHOCTb MoTOKa sHeprun Qs ~ 3 MKIDK/cm mpw nnowaau 
NOrnowjarwowujen NOBepxHocTu ~ 1300 cm . 

2. KanOpuMeTp U3MepseT SHEPruio B WMpOKOM AMana3soHe sHeprui: oT ~ 4 MK fo 100 Ax npn 
BbICOKOU OTHOCMTENbHOM TOUHOCTbIO W3MEPEHMA NOFNOLWeHHOM SHeprun (Hanpumep, Mpu sHeprun nopAAKa 
CNuHnLy {>K TOUHOCTb cocTasnaAeT oKono 1.5 %). 

3. PaSota KanopumeTpa He 3aBUCHT OT MOLHOCTH MMnynbca CBU-v3nyyeHua u ero ANUTENbHOCTH B 
AMana3soHe OT EQN HaHOCeKyHA AO 1 C, OH TakwKe MOET paboTaTb B UMMYySbCHO-4aCTOTHOM pexKUMe C 
NPOU3ZBOMbHON CKBaKHOCTbIO Npu ANuTenbHOcTH Uyra uMNynbcos fo 1-2 c. 

4. Koscbcbuyvent nornouweHua aHeprun coctasnset oT 90% Ao 99% B quana3zoHax YacToT F = 2.5-4y 
8-12 Fu. 

9. Kanopumetp mpoct B eKcnnyaTauMn uM No3BONAeT NONHOCTbIO aBTOMATM3VpOBaTb npoueccpi 
NOAFOTOBKHM K U3MepeHuio, U3MepeHue U OOpadorTky pe3synbTaToB. 

Pa6ota noamepxana Poccuiickum doHAOM CbyHaMeHT@NbHbIX UCCNepOBaHNi. 
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3aBHCHMOCTh KoodulweHTa NOMMOLICHHaA OT YacToTE! Nayaiomero CBY-n3i1ysenns 


VI. Iutrepatypa 


[1] Bpanat A.A. Uccnegosanve Avanekrpukos Ha CBEpXBbICOKUX YACTOTAX. M.: Ouamatru3, 1963. C. 326-331. 
[2] WkeapyHey A.T., Pyxaase A.A., Crpenkos 1.C.// duauka nna3ampl. 1994. 1.20 N 7, 8. C.682. 
[3] JSIucuukun A.S1., Hectepos E.B., Ctporatos B.A. // NTO. 1966. N 1. C.82-86. 


PULSED POWER MICROWAVE CALORIMETER 


Gorbachev K.V., Lisichkin A.L., Nesterov E.V., Shumilin V.P., Stroganov V.A. 
High Energy Density Research Center, RAS, IVTAN 
13/19 Izhorskaya St., Moscow-127412, Russia 
fax (095) 4857990 


The description of calorimeter for energy measurements of the high power microwave single pulses is presented. The calorimeter 
measures microwave energy from 1 mJ up to approximately 100 J. The absorbed area of the calorimeter is 330 cm*. The 
calorimeter absorbes from 0.9 to 0.99 of the total microwave energy for wavelengths ranges: A=2.4+3.5 cm and A=7.5+13 cm. 
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TEHEPALWMA MOWHbIX MAKPOBONHOB 
VMMYNbCOB MPU SANUTKE 
OTPAKATENBHOIO TPKODA OT 
VHAYKTUBHOTO HAKONMATENA 


Top6aues K.B., Ausenko A.H., Hectepos E.B., PouwsynkuH C.A., Crporatos B.A., LUiymununt B.F1. 
Hay4Ho-uccnedoeamenbckudi YeHmp mennodusuku umMnynecHElx eo3deticmeuti PAH 
MBTAH, Voxopcxan 13/19, Mocxea - 127412, Poccus 








Annomauua - pv sanvtke otpaxkatenbHoro Tpvoga OT MHAYKTUBHOFO HaKONUTeNA VMeeT MECTO 3HAYMTeNbHOe BpeMA 
SaQepKKK MeXxKGy HavanomM reHepal|M” W MOMeEHTOM BKMIOYeHHA Avoga. TO BpeMA HACTOMbKO BeNMKO, YTO reHepaLuA 
HaNMHaeTca Ha criage ToKa. B paOote okcnepAMeHTanbHO M3y4aNacb 3AaBMCUMOCTb STOTO BPEMEHM 3aQepxKKN OT KPYTH3HbI 
nepeAHero CbpoHTa MMNynbca AVUOAHOrO TOKa VY OT MaKCVMaNbHOU BENMUUHb! STOrO TOKA. 


|. BBenenne 


B nocnegHee Bpema sce GonbuiMi UTepec NponBnReTcA K CO3MAHKIO KOMNAKTHbIX reHepatopos 
MOLJHbIX WMMNYNbCOB MMKpOBONHOBOTO wanyYeHuA /1-3/. HavGonee sSHeEproeMKuMH WM KOMNAKTHbIMU 
ChopMUpOBaTeNAMM §BbICOKOBONbTHbIX VMMNYNbCOB Ha Avone sBNAIOTCA VHAYKTMBHbIE HaKONMTenM Cc 
P&SMbIKATENAMM TOK@, NOCKONbKy YACNbHaA NNOTHOCTb 3anaCeHHOW SsHeEprMuM B MarHMTHOM none Ha 3-4 
nopagKka Conbwe Yem B aneKTpuueckom. MepavyuHbImMu uCTOUHYKAaMN B aTHX Cnyyarx MOryT ObiTb EMKOCTHbIE 
H@KONUTeNY WI B3pbIBOMarHuTHbie reHepaTopbi /1-3/. 

UTo KacaeTCA CaMoro TeHepaTopa MOLUHbIX MUKDOBONHOBbIX HMNYNbCOB, TO BECbMa nepcnekTUBHbIM 
NPEACTaBNAeTCA OTpakaTenbHblA Tpvog /4,5/. Ondo u3 HavBonee npusnekaTenbHbIx ocoGeHHOCTel sToro 
Npuoopa ABNAETCA BO3MOXKHOCTh paboTaTs 6e3 BHeELUHeErO MarHuTHOrOo nona. Ecnu peUb UAeT O co3maHny 
KOMMAKTHOFO YCTpOKcTBa, STa OCOBEHHOCTb CTAHOBUTCA OYEHb CYLUECTBEHHOM. 

Mpouecc reHepayun B OTpaxkaTenbHOM Tpvoge npuw ero 3anutKe oT dopmupyrowux NHK 
uccnegopancA 8B paOoTax /4-10/. Bbino o6HapyxeHo, 4TO Mp onpegeneHHbIX yCnoBYAX MIHOBeHHaA 
SPMPEKTUBHOCT (OTHOLUIEGHUG MAKCUMAaNbHOM MUKpOBONHOBOM MOLHOCTM K MOLUHOCTH SNeKTpOHHOrO nyyKa) 
MOXET MOCTHTaTb HECKOMbKUX AECATKOB NMpoueHToB /5/. pu sanutke oTpaxaTenbHoro Tpvona oT 
MHAYKTABHOTO HaKONMTeNA BbIACHUNOCh Cnefyoulee OOCTOATENbCTBO: OKa3aNOCb, YTO Npowecc reHepaywu B 
OTPAKATENbHOM TpuOfe CYLLECTBEHHO OTNMYAaeTCA OT Toro, YTO HaGniogaeTcA Npu sanutTKe OT copmupyrowen 
nunuu /2,3/. Sto npoucxoguT u3-3a BpeMeHY 3agepxKKM Mey HaYarom reHepauun VUMNYNbCOM TOKa QKOsa. 
TeHepaliva HayvHaeTcA Ha Chage ToKa. OcbcbeKTUBHOCT CYWIECTBEHHO HWKe. 

Mu3zuyeckan MPVYWHA BOSHVKHOBEHUA STOrO BPeMeHM 3anepKKN oO cCUX nop He ycTaHosnexa. 
Bbicka3bisanocb npeAnonoxeunve /3/, YTO STOT acbchekT CBA3aH C HEAOCTATOUHON KPYTU3HOU NepeaHero cbpouta 
uMnyNbCa TOKa, KOTOPbIN dopmupyeTcA C MOMOLbIO WHAYKTMBHOrO HakonuTenA. B AaHHOM pa6boTe mb! 
CTPEMUNNCh SKCNEDUMEHTANbHO NMPOBepUTb 3TO NMpeAnonoweHve. Ha gmoge yfanoch ccopmupoBatb 
MMMYySIbCbI TOKa C NEPEAHUMM CPpPoHTaMy VW aMMNUTYAHbIMM 3HAaYeHMAMNY Bnv3KAMU K MoNnyYaeMbIM Cc NOMOULbIO 
TP@AML|MOHHbIX COopMUpyOLUX NUH. Oka3zanocb, YTO MrHOBeHHaA acbceKTUBHOCTb reHepaunu npaKkTuyecky 
HE 3aBMCUT OT BPeMEHM 3afepxXKU TeHeEpallMi, a CAMO 9TO BPEMA 3aBUCHT OT KPyTM3HbI NepeAHero cbpouHTa 
UMnyNbCa TOKa 4 OT AMNAMTYAHOrO 3HaYeHMA ToKa Avona. 


ll. OkcnepHmMeHTanbHan ycTaHoBKa 


B pa6ote vcnonb30BancA oTpaxatenbHbii Tpvog, adanoruuHbiit Vcnonb3soBaBliemycaA B /4-6/. 
Vmnynbc HanpskeHuA NONOKUTENbHOM NONAPHOCTU NofaBanca Ha ceTKy Anoqa Anvametpom 200 mm. Certka u3 
HeEpKaBerolen cTanu umMena reomeTpuyeckyo mpospayHocTb ~70%. PaccToaHine MexKaY KATOAOM MW aHofom 
BapbupoBanoch B AMvana3soHe 1+2 cm. fluameTp uw Tun KaToga Toke u3mMeHsnvch. Cuctema KaTof-aHo7 
NOMeUlanach B MeTannuueckylo KaMepy AvaMeTpOM 350 MM UM ANnWHOK 500 mM MW yCTaHaBnuBanacb no ocn 
KamMepbi. Kamepa Haxogunach nog NoTeHivanom katona. [na BbiBoga VU3nyYeHun “3 OObeMa OAUH Topell 
KaMepbi Obi 3aKpbiT OprcTeKNAHHbIM OKHOM. Kamepa OTKauVBanacb fo paBneHuAa ~5:10° Topp. 

VHAYKTUBHbIK HakONUTeNb NOAPOGHO onucaH B paGoTe /11/. B KayecTBe NEpBUYHOrO UCTOYHMKa ANA 
3anuTKM MHAYKTUBHOCTH ( L=4.6 MKT ) ucnonb30Banca reHepaTop “MNyNbCoB TOKa ( C=3.2 MKD, U=50+70 KB ). 
ONeKTPOBSpPbIBHOK KMIOY NpeAcTaBnAn coGo Habop napannenbHbix MeAHbIX NPOBOAHUKOB QvNamMetpom 50 mm. 


Kpytu3Ha nmepegvero cbpoHTa umnynbca AVvOAHOrO ToKa Wv3MeHANacb NYTEM HACTPOKKUY SNeKTPOB3pbIBHOrO 
kt0Y4a MW OGOcTpAiOlwero paspAaHuka. 


Ili. Bopema sagepoxKu rexepaunn 


Mpu skcnepuMeHTanbHoM UuccnegoBaHuu pexkuma reHepalivn oTpaxkatenbHoro Avofa C 3anuTKOK oT 
cdopmupyownx NWHv Sbino ycTaHoBneHo cnepnyouee /4-10/: reHepallvA HAaYMHaeTcA Ha MepenHemM cbpoHTe 
MMNYRbCa AMOAHOTO TOKAa Np AOCTWKEHMM HEKOTOPOM ero BeENUYWHbI ( "NyCKOBOM TOK" Is), KOTOpaR B 
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3ABUCMMOCTH OT YCNOBUY skcCnNepvMeHTa cocTaBnaAna Ig~5+10 KA. MrHoBeHHas acbcbeKTMBHOCTb reHepalyuu 
coctapnana ~10+40%. Hanuune nyckoBoro ToKa eECTeCTBEHHbIM OOpa30mM MpMBOAKT K HeEKOTOpOMy BpeMeHu 
3anepxKkn Hayana reHepayNn t3=!o<di/dt> °, rae <di/dt> - cpegHAA CKOpPOCTh HapacTahua TOoKa Ha NepeAHeM 
CbpoHTe umnynbca (cM. puc. 1). 

Mepabie SKCNepUMeHTbl NO 3anUTKe OTPaxkaTeNbHOrO TpMofsa OT UHAYKTUBHOTO HakOnUTens fi 
noka3asn, 4T9 reHepalluA MOET HAUMHATLCA Kak Ha NepeAHeM, Tak Ha 3afHeM GponTe yinynbca ToKa. Tak 
npu <di/dt>"'~30 Hce/KA reHepauWA Ha4vHaeTcA Ha MepegHemM porte, a npn <dl/ t> °~5+15 Hc/KA - Ha 
3anhHem. Bpema 3sagepxKKn reHepaunn oKa3anoch Becbma BonbuiuM, Tak nou <di/dt> '~5 He/KA t42 80 He, u 
yBenuunBanocb c poctom <di/dt>"'. MrHopeHHaa scbcdbekTuBHocTb reHepauuu coctasnana ~1%. 

Huskyto sdbcbeKTMBHOCTbh reHepaiwn B nocnegHeM cnyyYae ECTECTBEHHO OObACHMTb Hanvuvem 
BPeMeHM 3afePKKU, a STY 3aeEPKKY, B CBOIO ONePesb, CBA3aTb C CoNbLWMM 3Ha4eHMAMM <di/dt>”. 

B CBOUX S9KCNEPUMEHTAX Mb! NbITANVCh NPOBepUTb 3TO NpegnonomeHve. Ham yAaNnoCh YMEHbLWUTb 
BeNWUUAHy <di/dt>" | no 1+10 Hc/KA u, Takum o6pa3om, npvOnu3svtbcA K NapamMeTpaM UMNyNbCa TOKA, 
nonyyaemMoro C MOMOLIbKO copmupyowyx nun. pu stom Obino OOHapyKeHO, YTO freHepalnA, B 
3QBMCUMOCTM OT BENMYVHb! AHOAHOFO TOKa, NPY OAMHAKOBbIX 3HaYeHMAX <di/dt> ‘“MOxKeT HAUWHATbCA Kak Ha 
nepegHem, Tak 4 Ha 3afHeM cbpoHtax. Ha piic.2 npYBegeHa 3aBUCMMOCTb OTHOLWEHHA T3/tm, TAC tm - MOMeHT 
DOCTWKEHUA M@KCUMaNbHOro ToKa WVOAa, OT BENNYMHbI STOTO TOKa Im ( CM. puc,, 1 ). Npnsegenbi Tew rpynnet 
9KCNEPUMEHTaNbHbIxX AaHHbIx: C - ana ocTpuiHoro KaToga Cc mnoujapblo ~300 cm*, AHOA-KaTO{HbIN 3a30p 2 CM, 
NepBuyHoe HanpArKeHNe emKocTHOrTO HaKonuTenA Ug = 50+60 KB; * - ANA KDOMOYHOrO KaToOga C NNOWaAblO ~ 
60 cm‘, 3a30p 2 cm, Up = 70 KB; O - BenbBeTOBbI KaTog (60 cm“), 3a30p 1.5 cm, Ug = 50 KB. [pu 
CUKCHPOBAHHOM @HOf-KaTOZHOM 3a30pe pa3s6poc 3HaveHui Im OObACHHeETCA ABYMA MpVYYVHaMN: = 1) 
HenpaBUnbHOW opraHusayvei pexvma mepeKnioueHiA Toka B  Harpy3ky, 2) MmpocTpaHcTBeHHOM 
HEOAHOPOAHOCTbIO SNeKTPOHHOTO nyuka. U3 gakHbIxX puc. 2 cnefyetT, YTO Np% NpaBUNbHoW HacTpovKe 
VHAYKTUBHOrO HakONUTeNsA v OTpaxKaTenbHOro Tovona reHeEpalNA Ha4NHAeTCA Ha NepefHem chpouTe umnysbca 


ToKa. 

Ha pvc. 3 npuBegeHa 3aBUCKMOCTb BENUYUHb! < lidt>™ | OT t3. JlaHHble paSotst /3/ o6o3HaYeHb! A. 
NyHKTUpHbIe FWHKYM OTBeEYaHOT 3aBViCMUMOocTU t3=<dI/dt>'-Ig npw Is=o uv 10 KA. SaluTpuxoBaHbl TOUKH, 
OTBEUAIOLUMe YCNOBUIO ta/tp) 21. BugHo, YTo YemM KpyY¥e NepegHui PpPoHT umnyNbca ToKa AvoAa, TEM MeHbILWe 
BDeMA 3anepxKKU. OfHako, scbdexTUBHOCTb reHepalnu Np stom He yBenuunnacb. 


IV. SaxnioyveHne 


OKCNEPUMEHTasbHoe VccnegoBaHue pexumMa reHepalMn OTpaxaTenbHOro AMOAa NPK efo 3aNUTKE OT 
UHAYKTUBHOrO HakONUTeNA NoKa3sano: 

1) yaenuyeHue ToKa Nyuka NPVBOAUT K TOMY, UTG TeHepaliMA HaYWHaeTCA Ha NepegHeEM MpoHTe; 

2) 4em Kpyue NepeAHUK CpoHT uMNyNbca TOKa, TEM MeHbiIe BPeMA 3aMepxKKVY Hayana reHepalynn, 

3) MFHOBEHHAA S*CeKTUBHOCTh TeHepalnn ~ 1 %. 


ABTOpb! BbIpPaxKatoT GnaropapHoctb AL. ‘Kepnuupiny, K.C. Aa6ununy, B.A. Kamexckomy, A.J]. ucnu- 
KMHY UW C.2. [inaKcuHon 3a NOMOLb W NONesHble OOcyKFeHUA. 
Pa6ota nopnepxana Poccuiickum OoHsZ0omM PyHAaMeHTanbHbix VccnefoBaHni. 


V. Cnucok nutepatypbi 
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{2} E.V.Asapxesuy, A.H finugenko uv op. JAH CCCP, 1.319, N2, 352-355, 1991. 
[3] E.V.Asapkesuy, A.H.Qugenko uv ap. “Nonyyexve umnynbcos CBU-vu3sny4eHHA C NOMOLbIO SHEP XAMMYECKMX B3PbIBYAaTbIX 
Bewects". MpenpunT. YepHoronoskxa, 1992. 
[4] A.H.fugerko, 9.E.Kpacuk uv ap., Mucbma 8 XKT®, 1.5, N6, 321-324, 1979. 
(5) A.H.Qugexxo, A.C >Kepnuubin uv ap., Mucema B KT, 7.9, N24, 1510-1513, 1983. 
[6] A.H.fugerko, A.C Kepnvubih uv ap., Pud, 1.32, N4, 837-840, 1987. 
[7] B.f.puropbes, A.P.>Kepnuupir 4 ap., KT, 1.57, N9, 1863-1865, 1987. 
[8] A.N. Didenko, V. P. Grigoryev et. al." The investigation of the wave electromagnetic generation mechanism in the virtual 
cathode system “, Proc. of the 7th Int. Conf. on High-Power Particle Beams, Karlsruhe, Germany, July 4-8, 1988; Ed. 
W. Bauer and W. Schmidt, Vol. ll, pp. 1402-1407, 1988. 
[9] B.A... pvroppes, A.T>Kepnuubix vu Ap., Ou3suka nnaampl, 7.14, N2, 210-217, 1988. 
[10] AS >Kepnvupin 1.B. Menbyuxos uv ap., Pv 9, T. 35 N6, 1274-1278, 1990. 
11] E.V.Chernikh, A.N.Didenko et. al. “Electron Accelerator with Inductive Storage for Vircator Load", Proc. of the 10th Int. Conf. 
on High-Power Particle Beams, June 20-24, 1994. San Diego, California. Ed. by W.Rix and R.White. 


HIGH POWER MICROWAVE PULSES GENERATION IN REFLEX TRIODE WITH INDUCTIVE STORAGE 


Gorbachev K.V., Didenko A.N., Nesterov E.V., Roschupkin S.A., Shumilin V.P., Stroganov V.A. 
High Energy Density Research Center, RAS, IVTAN 
13/19 Izhorskaya St., Moscow-127412, Russia, 
fax (095) 4857990 


It has been found recently that there is the anomalous delay between the beginning of oscillations in reflex triode and current pulse 
in diode when the inductive storage is used as the energy supply source. Generation begins in a phase when a current decreases. 
We have investigated experimentally the dependences of this generation delay time from the current pulses rise-time and the 
electron beam maximum current values. 
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CNMPAJIBHBIE 3AMEJIAIOIME CTPYKTYPbI 
WIS. TEHEPATOPOB C MATHUTHOU 
CAMOMB0JISLMEN 


B.A.Banaxupes, I1.A.Mapxos, [’.B.CoTuuxos 


HHL ” Xappxoscexul u3uko-TexHuyeckul MAcTUTYT” , XappKos 310108 


Annoranna. B pa6ore nccneyqoBaHbl Tp BULA CIMpasIbHbIX 3aMe]JIAIOLUMX 
CTpyKTyp: CIMpasibHo ro*ppMpoBaHHbIM aHoOl, ciMpasbHO ToppupoBaHHbiM KaToL 
WU BUHTOBad CTpyKTypa. Iloka3aHo, YTO HeCMMMeTpMUHaA Moa KoNeOaHUl, Cyiue- 
CTBYIOWad B CIMpasibHO TodpupoBaHHbIX KOaKcMasIbHbIX NMHUAX Nepelad WU BUH- 
TOBOM cTpyKType, rono6Ha Hy,-mMone KoneOaHM UMIIMHOpw4eckoro BOUHOBOLA, C 
MaKCUMYMOM JMarpaMMBI HallpaBleHHOCTH Ha ocu cTpyKTypHl. Jia BbIBOMa MOLII- 
HocTy Bo36yxXTaemon BonHbI 43 MILO Heo6xogqMMo UcnoNb30BaTb UMeCHHO STY MOLY. 


BBETIEHME. 


Han6onee MupoKO NpUMeHSeMON 3aMeIVIAIOWeH CTpyKTypom B TeHepaTopax C Mar- 
HUTHOHM CaMOMB0NAUMe ABIAeTCH KOaKCHUasIbHad MHA C pe3oHaTopaMu Ha aHome (cM., 
Hanpumep,|1-3]). B TaKkoit 3amenssiomeli crpykType 21eKTPOMarHUTHEIM TOTOK Bo3by- 
*KTaer akcuanbHo-cumMetTpuunpre TEM-sonnpr. CummMetrpwunpie TUNbI BOTH HellpuMe- 
HUMBI [it co3aaHuA HallpaBJIeHHOrO M3IyuYeHUsA B AHTeHHAX. T.K. UX W3lyueHMe Bilepen, 
B IIpOOJIbHOM HallpaBleHUuy, paBHo uymo. Jina nomydeHua WpMoceporo pexuMa Heo6- 
XOLMMO IpenBaputenbHo TEM-somnbl mpeobpa30BpaTb B HecuMMeTpwuHEe Hy, unn by, 
BONHBI Kpyroro BomHoBona wit Hy BonHY IpaMoyrombHoro BomHoBona. IIpu BEicoKHx 
YPOBHAX MOM[HOCTU pa3pa6oTKa Takoro Ipeobpa3z0BaTeNA ABMACTCA CIORKHOMU TEXHUYECKOM 
3anayen. 

[lpo6nemy nomyueHis HecuMMeTPHUHEIX TUTOR Kone6Ganuit B MILO mMoxuo periuts, 
CCIM UCHONb30BaTb BUHTOBYIO 3AMEIMAIOLNIYIO CTPyKTypy, IpencTaBisioljad cobom Koak- 
cuambuyto JIT] co coupanbHbIM pe30HaTopoM Ha omHolt w3 ee NopepxHocTei. Ha puc. puc.1 
CXCEMAaTUUCCKH W300pPaRKeHbl 3aMeMIAIOMIMe CTPyYKTYpbI C BAHTOBOM Iebio Ha aHope, Ha 
KaTole U BUHTOBaT 3aMelIAloladt CIpykKtypa. CuenyeT OTMeTUThb, ITO WUCcHepcHoHHBIe 
CBOMCTBa IWIMHIpuuecKoro BOJIHOBOMA C CIMpasIbHOM IWesIbIO, IpopesaHHOM B ero To- 
BepxXHOCTH uccsienonamucb aBTopamu [4, 5]. Umu noxa3ano, uro B Tako CTpykType cy- 
IecTBYIOT cOOcTBeHHbIe BomHE! Tuna fy). 

I[punenenupie na puc.| ciupasibHEle 3aMenIsIOUIMe CTpyKTYPbI MMeIOT MHOTO OOLIETO B 
MeTomax “UX uccneyoBpanusa. Tlosromy MbI IponeMOHCTpupyeM Ux DTOCTOMHCTBa Ha TIpuMepe 
KOaKCMasIbHOW WMHMM co CuMpanbHO DMacbparmMMpoBaHHbIM aHoyOM. Jia Tako cTpyK- 
TYPLI NoNyueHoO WuciepcHoHHoe ypaBHeHUe, IpoBeseHo ero aHasIMTUdeCcKoe U YACIIEHHOE 
wccienoBaHve, paccuuTaHa TWarpaMMa HallpaBJIeHHOCTH M3sJly4eHud. 
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ONTEKTPOUTMHAMUKA CIMPAJIBHOM 
3AMEINUISIOMENM JIMHMM. 





byeM UpeqmonaraTb yron wape3ku cnMpasbHo KanaBKu 6 = arctan(D/ 20D) <1 
mupuny d wu rayOuny 6 = c— 6 chupanbuol KanaBKu MaNbIMU 10 cpaBHeHMIO Cc MAMHOIt 
BOJHEI. B Takom cilywae Id HaxOKTCHUA 31eKTpOMarHUTHBIX Hose B ObacTu coMpaiE- 
HOM KaHaBKi MOXHO Mpu6MMxXEHHO TlONb30BaThCA IMIMHApUYecKou CUuCcTeMonm KOOpAMHaT 
(r,p,2z). Kpome a3umyranbHoii uv npononbHoit caMMeTpuu, uccienyeMas 3amenssiortias 
cTpyKTypa MMeeT elle ONMH BUD CUMMeTpuM — ciMpanbuas cumMeTpua. Ona 3aKmI04a- 
eTCA B TOM, UTO IPM CMEINCHUM B NpOJONbHOM HalipaBleHuuM Ha HeKOTOpoe paccTosHHe 
Az uw nosopore ua yron Ay = —Az/2rb crpyxtypa nepexoguT cama B ces. 

Pemme ypapHenus Makcpesna Up yKa3aHHbIX IpennouoxKeHuax WU CBOMCTBaX CHMMEe- 
Tpuu NpuneM K TMcUepcvOHHOMY ypaBHeHUio: 





= d k | 
cos? D> Ig | = Fi, (k1mb) — 
W=— 00 lm 
Kim ef b) {te 4 Pm ; 3 pe wai ” 
k; ee : bk* M=—00 : D : 7 
rie Bm = Bot a, Kim =k? — 87, k =w/c, ¢ — ckopocts cBeTa B BakyyMe, (yHKuun 


f,, 2, 4 V, onuchIBaioT palManbuylo CTpyKTypy 9J1eK TPOMarHUTHBIX Tose: 











F! (k r) a nhs (Kim?) Ye, (ki ma) — yo (Kina?) Je (kima) 
eee TB a0) Va Rind) — 1a (hinb) Jakke): 
Je (eigat) yO (hima) ame y (kim?) mh (hima) 
ye \ eS n n 9 
On (Bam) = tmB)¥! (Ruma) = Yi (KimB) Ji (Fina) 2) 
W! (kr) = de ter) Vox (ke) — Y! (kr) Jim (ke 





Jny Yn —- byHkuuu Beccensa nepsporo u BToporo poya n-ro nopsrtka. 

Hvctepcvonnoe ypapnenne (1) 6bimo uccnenoBaHo anasMTMYeCKH u UucHeHHO. Pe3ymb- 
TaTbl UPMBeNHeHbI HMx«Ke. 

Ha puc. 2 IpuBeneHb! DUctepCMOHHbIe 3aBMCMMOCTH A KOaKCHaIbHOW DMHUU C BUH- 
TOBOM 3aMEJIAIONIeH CTpyKTypow Ha aHome DIA cileqywowMx TapamerpoB: a = lcm, 
c= 2.8cm, b = 2.0cm, D = 3.14cm, d = lcm. Yrasannpie napamerpbi COOTBETCTBYIOT yrsly 


D , 

HaMOTKU CiMpasIbHow KaHaBKu 0 = arctan a a 14°. PacaeT nucnepcuonnoro ypaBHe- 
7 

Hua (1) upopeneH mpu yyéTe NATH NpocTpaHcTBeHHBIX rapMoHUk m = —2, —1, 0,1, 2. 


Pa3IM4Hble NMCHepCHOHHbIe KPUBbIe COOTBETCTBYIOT pa3IM4HbIM ProKe-30HaM Ipo3pauq- 
HocTu. Havanbupm yuacrox nepBol gucnepcuonHom KpuBoi umMeeT MUcKepcuio Kaye- 
CTBCHHO aHasIOrM4bylo TMCIepCMuu KOaKCMaJILHOM 3aMelIAIOWel JMHun c rpeOéHKol Ha 
KaTone WM aHoze. OTo — cUMMeTpv4Has lo a3uMyTalIbHomy yriy y T'-mMona, Pa3onas 
CKOPOCTb KOTOpOM 6Ou1M3Ka K CKOpOcTH cBeTa. 

IIpu mepexone yvepe3s Touxy 69 = 7/D cummerpuunasa T-sonsa nepBoit WUucnepcvon- 
HOM KpHBoM Tpaucdopmupyetca B Ay, BoNHY KoakcuanbHow 3amMensaiomen munuu. Ona 
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cyllecTByer B usTepsase 7/D < Bo < Go2 (Goo & 3.37 Mia MpuBeeHUbIX NapaMeTpos cu- 
CTeMBI) U eé KpUTMU4eCKad LNMHA BOMHEI, T.e., HAMMCHDIUat TJIMHa BOMHbI KOaKCMaJILHOU 
saMenaolen mma, A & 7(a + O). 

Cuenyer OTMeTMTb, YTO B OTIIMUMe OT KOaKCHaNbDHOW 3aMeMIAIOIUeH CTpyKTypbl Cc 
rpe6eHKol Ha aHone Dt LMCHepCMUOHHEIX KPUBLIX BAHTOBOM 3aMeIJIAIOUIeEN CTPpyKTYPBbI OT- 
cyTCTBYeT TpavcAUMOHHaT CHMMeTpHA 10 BOHOBOMY Bek Topy Jo. OTO HeTlOocpenCTBEHHO 
cnenyeT 43 ypaBHenusa (1), Ho pu3swdecKkM STO OYEBMTHO: M3 3a HAIMA TeMKOMMasIbHOU 
CUMMeTpHM W3MeHeHMe IponONbHOLTO BOMHORBOTO UMCHa aBTOMAaTHUeCKH WpMBOUMT K U3- 
MeCHCHHIO a3MMYyTaJbHOM 3aBMCHMOCTH 3HeCKTPOMarHUTHBIX owen, a, CllepoBaTebHoO, U 
K W3MeHCHMIO DMCHepCMOHHBIX CBOMCTB BUHTOROM 3aMenatoleu crpyKtyppl. Uccienye- 
Mas 3aMeI1ollad CrpyKTypa MMeeT Take Ke CBOMCTBa CHMMeTPUL, Kak WM O0HO3axonHad 
cuupanb. Tosromy AUcnepcMoHHbie 3aBMCHMOCTM UMEIOT TOJIbKO 3€pKasIbHy1I0 CUMMeTPUHIO 
OTHOCUTeNbHO TOUKH Go = 0. T.e. BomHbl, Seryriiue B MpOTMBOTIOIOKHBIX HallpaBNeHuax, 
ppallalorcs Mo a3amMyTy Take B MPOTMBONONOXKHBIX HallpaBlieHusx. Oa 13 BUX ABIIA- 
eTCA IpaBOBMUHTOBON, Dpyras —— NeBOBMHTOBON. 

Ha puc.3 npuBenena WMarpaMMa HalipaBNeHHHOCTU W3yYeHuA “3 OTKpbITOrO KoHIla 
aHOUHOM CUMpaNbuoM 3aMeJIAIOIe CTPyYKTYpbl, paccuMTanHHad C UCHONb30BaHMeM 9eK- 
TpouMHamMuyeckoro npunuuna Wiovrenca [6]. I[pencrasnenpr 3aBucMMOCTH NouIApHON uM 
a3UMyTalIbHOl KOMNOHEHTHI SIEKTPHYECKOLO TOJIA OT NOMApHOTO yrna O(cnMOLIHbIe KpH- 
Bbie). Pacuér prronuer aia wD/ae = 0.98, GoD /m = 2.73 nucnepcuonHom KpuBoH puc.3. 
Kak mw cielopasio OKUTaTb, MaKCHMYM DWarpaMMbl HallpaBseHHOCTU TIA Tako BOJIHI 
HaxonuTca Ha ocu crpyKTypst. Ilpu stom ocHOBHOW BKTal, B POopMupoBaHue Tako WuMa- 
PpaMMBI HallpaBuleHHOcTH TaéT - 1 ciupanbHas rapmMouuka (1yHKTMpHasa KpuBas). ITu- 
puHa TMarpaMMbl HallpaBneHHocTu cocrapnaerT & 33°. 


SAKJIFOURHME. 


II[ponenenHoe uccnenoBaHve WoKa3al0, UTO KOAKCHaJIbHble JMHMM TepewauM co ciu- 
panbHo TuadparMupoBaHHbIM aHOJIOM UNM KaTONOM MOLyT OLITb UCIOJIb30BaHbI B MOIJHbIX 
reHepaTopaX C MarHMTHOM CaMOM30JiAIMeM Kak HJld BO3IOyYRXDeEHUA KONeOAHMM Tak UW ANA 
3spdekTusnoro Berpona CBU-mormrpocrn. sia Takux cTpyKTyp MOxeT ObITh peamu30BRaH 
PpOKUM W3TyIeHAuA C MaKCHMYMOM BJIONb UX OCH. 
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PASBUTUE TIMHAMIMMECKOLO XAOCA 
DPW HEIMMHERHOM BBAMMOLENCTBIM 


BOJIH, 
B HEOPPAHMYEHHON INJIASME BES 
MATHMTHOLO TIOILA. 


B. A. Byn, O. B. Manyiinenxo, B. M. Myparos*), A. Il. Toncronyxceuu 


HHIL X®TU, Xapsexoscxwiit rocynupepcuter*), Xappeos, Yepanna 


BoamMofelicraue Tuna BOMHa-WacTHla w ChaboHelmHenHoe BoAaMMOTeH- 
CTBHe BOUH - BGAKMONeMCTBHe THNA BOLHa-BOMHA ONpexenaoT OyHhamen- 
TAHLHbIC CBOMCTBA NWASMbI, OHCKTPOHHEIX HYAKOB HT... PerynapHad qu- 
HaMHEa BTHX MNPOWeccoB WipoKo HEY YeHA.. 

Xopowio AGBECTHO, YTO NOUTH BCe FMHAMMIeECKHE CHCTEMBI KOTOPBIC 
ONMCEIBAIOT MaSMCHHEe ABICHHA, B BX paciiim#peHHoM asoBom MpocTpan- 
crne (MpOcTpaHCTBo BCeX KaMOHWIeCKHX TepeMeHHEIX H HapaMeTpos ) 
uMewor o6acTH xaoTHuecKoro noBejenus. CTporHua aHalwe PWHAMBEH B 
TaKHX OO6NACTAX BOGMOXEH TONLKO MPH ACNONLGOBAHHA THCHCHHBIX MeTO- 
op. OqHako, Cly4aHHEI XapakTep TPackKTOPHH B OTHX OONACTAX TOGBO- 
HWACT HCHONLGORATEL METOUTEL CTATHCTHUCCKOK PUGHEH Ai HX ONHCAHWS. 

Taxum o6pacomM aHannTadeckHe KpHTepHA Ts ONpefenenaa TakHXx O6- 
WacTeH HMe€IOT TepBOCTeHeHHYIO BAXKHOCTL NOTOMY, ITO OHH He TONbEO 
WOKaBLIBaIOT O6NACTH, Tle MPOMCXOPUT KayecTBeEHHLIM HWepexoy, oT pery- 
EAPHOH HHHAMBEH K XAOCY; HO TakKAKe NOGBONAIOT PaTh ahalWTHIEckKoe ONM- 
cane [WHAaMMYeCCKOH CHCTeMEI B OTOH O6acTH. CyliecTByeT HeCKONbKO 
KpuTepHeB Mepexoya K rnobanbHow cToxacTudHoctTa. Hau6onee mpocTou 
u obexTuBAHM - xpuTepui Unpuxona [1]. 

II[pHHuMad BO BHHMAaHHe, ITO OTOT KPHTepHH OCHOBAH Ha onpefelie- 
HHH HCMHHEHHOPO pevoHnahca, OH XOPOMIO IpuCcHOcoONeH H WIMpPOKO HCHON- 
ByeTCH B HCCHelOBaHHM MpoveccoB BKMOvaIOUMx BOAaMMOPeUCTBHe THA 
BOWH-wacTHna. B npefcTaBneHHoM cooblujeHHA CPOPMYAHPOBAHE! YCHOBUA 
ip BLINONHeCHHM KOTOPEIX J]MHAaMHKa BOAMMONeHCTBHA THIla BONHA-BOnHA 
CTAHOBHTCA XAOTHICCKOH. OTH YCHOBEA IpoBepeHH Ha CHCTeMe ypaBHeHuH 
ONMCLIBaIOMHX BUAMMOPeHCTBUe BLICOKOGaCTOTHHX (BU) w HuGKOWACTOT- 
nix (HL) sonn 8 mmasme. 

Kak mwoRecTHo Nepeqaya oHepraw OT OFHOM BONHEI K ApPYTMM HpH ux 
HeNHWHEMHOM BGaMMONCHCTBUM HOCHT XapakTep HeycToHunBocTH. LooTomy 
MOXKHO MpPeNOVOKUTH, ITO [}MHAaMHKa OTOTO BOaMMOTencTBuA GyfeT Xao- 
TudecKkou, Korfa Napamerp K = 2G/Aw cranopuTca Oolblle ClMHMULI, rye 
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G - HHKPeMeHT OTOH HeyCTOMTHBOCTH, KOTOPLI HIpaeT Pons WIMPHHEI He- 
NHHCMHOTO peconanca, Aw - paccTosnwe Mexyy pesonalcaMy pagmMaAETK 
BOHH. JaMeTHM, ITO BenminHa Aw O6bIIHO COOTBETCTByYeT MHHHMaIBHOn 
qacTore. 

Ilycrb BomHa C aMIINHTyQOw @,, BONHOBEIM YwicHom ky w dacToTon w, 
paciaylaeTca Ha [Be BONHE (G2, k2,wW.) wu (a3, k3,W3). Kpome Toro, npentio- 
10OKHM 4TO HMeeTCA ellie Oa Bola c NapamerpameE (a4, k,,w,), ky = ks, 
Wg—-W4 << uw, . byflem camTatTsL, B Haale, YTO YeTBepTad BONHA He BIMAeT 
Ha mpotiecc pacnaga. Tora aMnnuTyAb Tpex BGAaMMOeHCTBYIONIMX BORH 
HOMCHSIOTCA CO BpeMeHeM cormacHo [2]: 


ay a tV;"a2as, 
as = —27Vi a; as, (1) 
as = —4V;, 045, 


Spech V, - MaTpW4HEI onemenT BoanMopedcraua. Ha nmmneinoi CTalMH 
({a;|=const) mponecc pactiayja XapakTepwsyeTCa OKCNOHCHTTMAALHEIM po- 
CTOM aMINIMTy] |@2] U |as| C HHKpeMentTom G = {a,{|V,|. Hemenenne hasu 
® = 20, + 203 noqannserca ypaBHeHHio MaTeMaTWaeCcKoro Mas THK: 


® + (2a, ||Vi})’ sind = 0 (2) 


Ms (2) pupHo, aro nonymmpuua HeNMHeiHOrO pesonanca paBHa 4G. Ecnu 
GaMCHATL THeTLIO BONHY YeTBepTOH, Mbi HONYYHM, WTO Ha WHHeEHHOH CTa- 
jun pasa VW = 20, + 26, + 267 raxxe yyosnersopser ypasHenu~D (2), 
rye G2 = ja,||Va] , 6 = w, — we — wy. Orxyga cneqyet, aro paccrosnue 
MeX]Y HENMHCHHEIMM PecoHaHcaMH paBHo 26 . Ipennonarag, aro wupHHa 
HEMHHEBHOTO pesoHnaca Ha NHHEMHOW CTaqMH WIA YeTBepTo BONNE! Mala 
G << G2, Nony4HM ycnoBHe NepexpHTUus HeNMHeEAHEIX pes OHAaHCOB, H, Co- 
OTBETCTBCHHO, YCIOBME BOGHAKHOBCHAA CTOXAaCTHUeCCKOM HEYCTOHUMBOCTH: 
2G/6 >1. Ormerum, aro npaBeseHHEI KpHTepau, Take Kak H Apyrue 
[1], NooBonser onpenensTs o6nacTS. HapaMeTpok, B KOTOPOH HHaMHKa 
CHCTEMbI CTAaHOBHTCa XaoTMYecKoH. ‘Ito KacaeTca rpaHANe! Nepexoya x 
xaocy, TO Ald ee Olipefenenua Tpebylotca Gonee TIaTeNHbHble akalHwTwIe- 
CKHe HIM IHCHeEHHbIe ACCIeqORAaHHS. 

PaccmMoTpaM pacnay BU sonnet (7) na naasmMeHHy1o HeHT MIOPOBCKYIO 
(p) w BY (s) Bonne. Donaras, aro varyxanue OTCYTCTBYeT NONYIHM Cie- 
Ayiollyio CHCTeMy ypaBHeHaH, ONMCHIBaION yO [MHaMMKy BoAaMMOencTBy- 
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OUMX BOR: 
if; = E,pexp(iAT), 
if, = £,p" exp(—iAr), (3) 
p+ = -€;€% exp(—iAr), 





rye 
2 
hats poe ge bi 1 Blt ie aa 
Fig Brig ¥ Wj Ney 2k? 2h0; fw, E 
= 1 E2 cos? a kop 11/3. 
7=> ti} 39 COS Oem yl ; 
8m? 1 wp? 1 ww 
Dei wis 19/3, iWs 11/3. 
OQ? = |—.- Ps, A= (wy; - we) my ST Fraats arabe , 


e2 Ee cos? a@ ki? 


Ha nanennok cranum pacnapa | €& |= const MoxHo TonyaaTs we (3) qHC- 
fepCHoHHoe ypaBHyenne: 


(w? —-O7)(w+A)=1 
H cilenylolice BEIpaxkenwe A MaKCHMaNbHOTO HHKPeMeHTa: 
G=Imw = 1/V20, 2 >>1; G=Imw=V3/2 <<1 


B neppom cuyqae Napamerp K << 1 4 WaHaMMKa pactafla fomKHa OLITE 
perynapHon. pa 6onnmmx amimarynax Majaionjen port K >> 1, no- 
STOMY THHAaMHKa paciana fomkHa OLITh XaoTMYecKoH. MEI MOxweM NWoly- 
GUT CHENyIOMMe YCHOBEA Tip BLIIONHeEHUA KOTOPEIX THHAaMMKa pactiapa 
CTaHOBHTCA XaOTHIeCKOH: 


2 2 
8m 1 wywsws. (4) 


Eh > ~a- “e2 34/3 cos? a’ 


Ws (4) nerpyqHo onpeyennTL BeNHIBHy aMNARTYIEI OleKTPOMarHHTHOH 
BOJHEL HEOOXOMAMOH Wid PasSBUTMA XAOTHIECKON PuHaMUEH. Tak pH Ww, = 
6-10°Dn, Vip, = 3-10°cm/c, w/w, = 3, a = 0 ora BenmumHa paBHa 
5.3: 10°B/cm. KommbiotrepHple BEIYACHeEHHA NOLTBepKAAwWT STOT KpATe- 
pu. B vaxmovenne Heo6xonHMOo OTMETHTE, CHenyioniee. KparepaH jeH- 
CTBHTCILHO NOGBONAeT ONPENeNHTE OOMACTL NapaMeTposB, rye HMeeT Mc- 
CTO XaOTHUeCKad [MHAMMKA IA HeMHTerpupyemEIx cucrem. Ho B TO xe 
BPeMA JH HHTerpupyeMHIX CHCTeM UTOT KPATePHH CoBepieHHO He pabo- 
taet. Hooromy HeoGxofHMa OCTOPOKHOCTL, Npexpe YeM HCHONLGOBATL 
Kpurepnn it > 1. 
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DEVELOPMENT OF DYNAMICAL CHAOS 
UNDER NONLINEAR INTERACTION OF WAVES 
IN UNBOUNDED UNMAGNETIZED PLASMA 


V. A. Buts, O. V. Manuilenko, V.I. Muratov*), A. P. Tolstoluzhsky 
NSC KIPT, Kharkov State University*), Ukraine, Kharkov 


In this report we formulate and prove the conditions if being fulfilled 
then the dynamics of the wave-wave system becomes chaotic. These con- 
ditions are verified via the system describing interaction of HF and LF 
waves in plasma and other’s nonlinear media. This effect is of paramount 
importance for free electron laser and accelerations based on beat-wave, 


etc. 
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nYYKOBO-NNA3SMEHHbIM 
PEHEPATOP-YCUNIUTESIb 


A.®. Anncos, A.K. Bepesvn, A.B. Bopogkun, 1O.M. Jlankano, W.H. OnmuweHKo, 4.5. PavH6epr 
HHU “'XappKoeckuu qdu3suKo-mexuHuyeckuu uucmumym", XapbKoe-310108, YepauHa 


AxHomauusl - B paSote u3snoxXeHb! pe3ynbTatbl TEOQDeETUNECKUX WU SKCNEDUMEHTAlbHbIX UCCNeAOBAHMN NO CO3saHUlo 
NYYKOBO-NNa3sMeHHoro reHepaTopa-ycunutens. HayanbHble dbnykTyalWn aNneKTDOHHOrO Nyyka, feHepupyemMble B SNeKTPOHHOM 
MarHeETPOHHOUW nywike CneuWanbHoro Tuna (11 KB, 3 A, AnvTenbHOCTb wMinynbca TOKa 760 mMKCeK, YacToTa NocbiNoK AO 10 Fu), 
3aTeM YCUNYBANMCh B MNASMEHHOM BOMHOBOLZE U CNMpanbHOU CTpyKType. MOLLHOCTb BO3s6yKRaeMbIx CTOXacTMYeCKUX KONeBbaHun 
Ha Bbixofie yCTpovicTBa ZocTurasia 15 KBT B AeLIMMeTPOBOM AMana3oHe ANH BONH. 


|. BBenenue 


PaHee [1, 2] Mbi coo6lwanu o npevmywiectTBax MyY4KOBO-MNa3MeHHbIxX FeHEpAaTOPOB UW ycusIVTenen 
(NQHSY) no cpaBHeHuio c OBbIMHbIMM BakyYMHbIMY yCTDOVCTBaMK. KpaTKo 9oTW MpevMyWecTBa 3aKnOUalOTCA B 
Cnepylouem: 

- 6narogaps HevTpanu3salMu NNa3sMon 3apAAa SNeKTPOHHOrO nyuka B IITITY sospactaetT ero 

NpeAeNbHbIN TOK; 

- B NYUKOBO-MNa3MeHHON CcucTeMe Co cnabon AUccunauNen, B OTMMUYNe OT BaKyYYMHOM B WWMpOKONK 

nonoce YacTtoT BO30yKDahHTCH OObeMHbIe, a2 HE NOBEPXHOCTHbIe BONHb! C Gonee BLICOKUM 

VHKDEMEHTOM HapacTaHun; 

- NapaMeTpamu (MOUWIHOCTbIO, YaCTOTON) BOZOyKTaeMbIxX KoNeGAHMA MOXKHO YNPaBNATb NpY NOMOLIM 

HaYaNnbHOKW MOAYNALWUM SNeEKTPOHHOrO NyuKa. 

B pa6otax [3, 4] coo6wanocb, YTO NNa3sMeHHbIA BoNHOBOA (NB) Moet 6bITb VCnNONb30BaH ANA 
edPeKTUBHOK MOAYNALMM BNeKTPOHHOrO Nyuka Nepeg Npoueccom reHepauinn unw ycuneHunA BO36yxKDaeMbix 
KoneOaHni 3aMeANAroluMx CTPYKTypax pasnvu4Hb!x TuNoB. B HacTOAUeM foKnage youneHne HavaNbHbix WYMOB, 
reHepupyeMbIX B SMEKTPOHHOW MYyLKe MarHeTPpOHHOrO TUNa, NApovcxoANNno Npw NyYKOBO-nNa3mMeHHOM 
B3avumMogevictaun B IIB, a 3aTeM B MOQUCULIMpOBaHHOU CNVipanbHow cTpyKType, B pe3synbTatTe “ero Ha BbIxope 
reHepatopa-yevnutena Bpo3s6yxganvch cToxacTuYeckve CBU saneKTpomarHuTHbie konebaHna. OTOT npouecc 
Nono6eH ABNEHUIO CBEPXU3anyY4eHNA, 

Tak Kak K ONMCbIBAaeEMOMY YCTPOUcTBY HE NOABOAMTCA BHELWHUM HavanbHbii curHan WB HEM 
OTCYTCTBOBaMM O6paTHble CBA3M, TO ETO MOMKHO PaCCMaTPMBaTb Kak FEHeEpaTOpP- YCMNUTeNb. 


ll. OnexTpoganHamnka TpyOyarToro nyYKoBo-nna3sMeHHOro BONHOBOAa 
PaccmoTpym Unnunapnyeckylo MeTannuueckyto Tpy6y paguyca R, sanonHeHHylo Tpy6uatbim cTonN6om 
nlasmMbt C BHELUHUM UW BHYTPeHHWM paguycamy FI; UW Io COOTBETCTBEHHO, HaXxOAALUYIOCR B NpOAONbHOM 
MarHvTHOM none c HanpsKeHHocTbio Fy. Vicnonb3sya ypaBHeHun Makcspenna c rpaHyubiMy ycnoBuaMu 
MO)KHO NONYYVTb AUCNEPCUOHHOe ypaBHeHNe ANIA akKCUaNbHO-CUMMETPVYHbIX COBcTBeEHHbIX Mog Get A =O, 


roe A - matovua pasmepom 8 x 8 c snemeHtamn Ay, OMUCAHHbIMY paHee [4]. 


Flpw ycuneHuu uv reHepupoBaHvy Kone6ahHvi B WMPOKOM Monoce YacTOT TpyOHyaTbi4 MNa3sMeHHbin 
BONHOBOA NOoAC6eH cnuparbHOK cTpyKType. PeweHue ANcNepcnvoHHoro ypaBHeHuA ObiINo NONyYeHO YACNEHHO 


ANA MNa3MeHHOW BONHbI B NpeAMonomeHuu oTcyTcTBUA AUcnepcun (Vgo = Vpn = const, Oy >>® p 
Vo2 Vpn, Ho =1,9«9, R=1,8cm, 4 =1,05cm, r2=1,25cm, kK, R<<1, kip <<1) Ki 1, 


I? = 12—@ fc? k, = 0/Vpp, A=fo—-T), THe Vp, UV 


p go ~ a3s0Bpan uv rpyrinopaA cKOpocTH 


BosOyKAaeMbIX KONeGAHM, Vo- CKOPOCTb SNeKTPOHHOrO nyyKa, Mzz UW @, - SMeKTPOHHbIe NapMopoBa MU 


mna3MeHHan NeHrMHCpOBCKaA YaCTOTbl, W, - SMeKTPOHHaA NeHrMtoposcKan YacToTa nyyKka, kK, u Kk, - 


NonepeyHoe W NpovoONMbHoe BONHOBbIe YUCNa, C - CKOPOCTb cBeTa B Bakyyme, @ ~- YacTOTa BO36yxKQaAeMbIX 
Kone6aHui). B sTom cnyyae AUCNeEpCMoHHoe ypaBHeHie CYLLIECTBEHHO yNpoLiaetca 
-1 


2 2 2 
cs WB ay i Be tee R 
Z 9 2 7 Io Th 
C @ (a — K,Vo) Fo 


Us ahanu3a NOnyY4eHHbIx DVCMeEPCMOHHbIX KPUBbIX ChegyeT, YTO HEYCTOMUNBOCTh He pa3BVBaeTcA Npu 
SNEKTPOHHOM MNMOTHOCTH MNasMbl It, < 1,6 -10'!cem3 Vi 3ABUCUT OT SNEKTPOHHbIX MAOTHOCTeH nyuKa u 
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nnasmb! (lp W Np). Mpw n, = 6- 10° cm? cbasosan cKopocts YCUNUBaeMbIX KonebaHii BO3pacTaeT OT 


V pa|C = 0,155 no V pr/C = 0,17 npw ysenuuernun nnotHocty nnaamp or ,1-10!!cem7? no 0! em73, 


Npw n, =1,6- 10!4om3, Von/C usMeHAeTCA oT 0.19 fo 0.14 npu Bospactakun nN, ot 6-10%cm™ po 


(6-108 om-3. Ans atux AByX cnyyYaeB NPOCTpaHCTBeHHbI UHKPEMEHT HapacTaHvA 5k/k, BospactaeT OT 


0.503 Wo 2.42 u or 0.208 fo 1.578 cooTBeTcTBeHHo. KoadcbuyweHT ycuneHun ANA nna3smMeHHoi (cpeaHen) 
ceklium Hawero yctpolictBa coctasnaet g = 6, 3,45/cm ana ToKa anextpoHHoro nyuka I = 10A. 


B npegnonoxeHuu, 4TO @ = @,, rape @, - YacTOoTa KoneOaHu, ca3s0Ban CKOpPOCTb KOTOPpbIX 


CUHXPOHHA CO CKOPOCTbHO SNEKTPOHHOTO NyYKa, MOXKHO Onpepenvtb YacToTy Bo3byxAaemMbIxX KoNebaHui © ANA 
3AMaHHbIX 3HAYeHMA 8 SHeEprViM = 9sNeKTpOHHOTO) =nmyuka UW MNOTHOCTM sneKTpoHoB nna3mbl. fina 


n, =1,6- 10''cm? nonyuaem f, = @,/2% = 525Mfy, sonvosoe uncno k, = 0,515cm!. 


SameTum, YTO reHepvpoBaHve unu ycuneHve KonebaHuit c Gonee HY3KOM YaCTOTOM MOKeT 6biITb 
ocyuwecTaneHo B IIB He ToMbKO B CnyYae Gonee HU3KON NNOTHOCTH SNEKTPOHOB nna3smMbl N p HO XU Tora, Kora 


NB YactTw4uHo 3anonHeH NNOTHOM mna3Moin. 


Il. OnucaHue ycTaHOBK M 3KCNepMMeHTalbHble pesynbTarTbi 


OKCNEPUMEHTanbHan YCTAaHOBKa CO3aHa MO CXeMe, B KOTOPO B SMeKTPOHHOM NyWke MarHeTPOHHoro 
Tuna [S-7] ¢ “"ANVHHbIM™ KaTOAOM cO3qaBancA SNeKTPOHHbIA MyYOK, NPOMOAYNVpOBaHHbId HayanbHbIM 
WYMOBbIM CUTHaNOM C fOCTATOYHOW MOUIHOCTbIO WM WMPHHOM YacTOTHOTO cneKTpa, CYLUeCTBeEHHO 
NPEBOCXOAALIEN CcnheKTp BbIXOAHOrO curHana. VisBecTHo [8], YTO B CNeWMaNbHbIX KOHCTPyKLIMAX nyWwek 
COPMMPOBAaNCA BNEKTPOHHbIN NYYOK C BbICOKMM MepBeaHCoM, B KOTOPOM LWYMOBOM TOK Ha 50-60 AB npesbiwan 
YPOBEHb HaYasIbHOTO ApoOosoro Wyma. flanbHeMulee chopmupoBaHve YacTOTHOTO cneKTpa onpegenanocb 
AVCNeEpCMOHHbimMu cBovcTBamMM [IB u u3s6upaTenbHbIM CBOVicTBaM OKOHEYHOM cnvpanbHow samennaiowen 
CTpykTypbI (SC), WMelolen YacToTHyO XapakTepucTMKy MoNocoBoro dunbTpa. fina peanusayyn nyyKoBo- 
ANa3MeHHOro ycunuTensA HEOOxoAUMmo, YTOObI SNeKTPOHHbIN NyYOK B3aNMoselicTBOBaN B IIB ToNbKO c NpAMOM 
BONHOM NpocTpaHcTBeHHorO 3apAga. Mpobnema sakniovanacb B TOM, YTOGb! O6ecneuNTb youneHve HayanbHoro 
LUYMOBOrO CurHana Ha 80-100 Ab, coxpaHuB Np 9TOM AOCTATOUHYHO PABHOMEPHOCTb CNeKTpaNbHO MOLUHOCTH 
iuyMoB (CMLU) B 3agaHHow nonoce yacToT. CnegyeT nogyepKHytb, YTO paSoTa onucbiBpaemoro ycTpoictTBa 
Obina BO3MOKHa NPM yCNOBMU NOAaBNeHVA NONOKUTeENbHON OBpaTHON cAA3V Cc ero BbIXOMa Ha BXOA, KoTOpaA 
MOXKET NPMBOAMTb K CaMoBo3byxqeHuIO yCUuNnUTeNnA Ha AVMCNePCMOHHbIX YacTOTaX. Takoe nogaanenue 
OCYLLIECTBNANOCh 3a CueT “3anpegenbHbIx” cBovicte MB vw AocTaTouHO xopowero cornacoBaHna 3C. 

OKCNEPYMeHTalbHad yCTaHOBKa NpeACcTaBMeHa Ha pvic.1. OHa COCTOUT 43 CNeUNanbHOW sneKTPOHHON 
NywWKA MarHeTpOHHoro Tuna (1), ConeHouga (2), Topy6yaToro nna3mMeHHoro BonHOBoga (3), 3amMeansrowen 
CTPYKTYPbI C MOAMCPULMPOBaHHON Cnuparibto (4), nornouwaroulei HarpysKn (5), vsmMeputenaA CBY mousHoc™ - 
SKBUBaNeHTa AHTEHHbI (6), KoNNeKTOpa ToKa (7). YcTaHOBKa HaXO{MNaCb B NPOAONbHOM Ma@rHVTHOM None. BnoK 
SMEKTPOHHOUM NMYLWKM COCTOAN W3 KOHMYeECKUX aHoga Uu KaTOMa Cc NosorpeBaTenem u COKYCHPYOLUMMY 
aneKTpofamu. Pa3mepb! KaTogja:. Anvva - 60 cm, Gonblo Avametp - 2.5 cM, yron HaknoHa NOBEPXHOCTH 


KaToga K NpoAONbHON ocu coctasnan 4°. fMnasma cosjasanach anekTpOHHbIM NYYKOM B MeAHOK TpyG6e ANUHON 
20 CM M BHYTpeHHYM AvaMeTpoMm ~3,2 cM, B KOTOpytO HanycKancA pabounii ra3 (BOogOpoy) nog AaBneHvem 
O° — 104 Topp. 

BHYTpUY MeTannuyeckoro Kopnyca Ha Kepamuyeckux onopax 6bIna CMOHTMpOBaHa MOAUDULMpOBaHHar 
cnipanb HarpyKeHHaA KONbLIaMM CO CTepxKHAMM [9]. Ota 3C oGnagana cBovicTBamu NonocoBoro dunbtpa B 
3agaHHow nonoce yactot f = 300 — SOOMMry. Anuna 3C coctasnana ~48 cm. B KOHUe cvCTeMbI 
pacnonaranca KonneKTop toKa. (ucnepcuA uw YacTOTHbIe xapakTepucTuKM cucTemb! G6biInw U3MepeHbt 
SKCNEPUMEHTAaMbHO. MakcvManbHaa BbIxogHar CBY mowHoctb ~ 2 — 15KBr 6pina AOCTUrHyTa MpUW NNOTHOcTU 


nnagmpi ~10'' c* (qasnenve ~5 - 10° Topp), sHepruu snektpoHHoro nyuka 1 ~— 11,;5K9B, ToKe 2,5-3AB 


nonoce yactot 300 — 500 Mry. HepasHomepHoctb cnektpanbHoii NNOTHOCTH MOLIHOCTH cocTaBnana MeHee 
4 6. 


iV. 3aknioyveHne 


B paOoTe npuBefeHe! pesynbTaTbl TEOPeETHYECKUX MU SKCNEPYMEHTANbHbIX UccnesOBaHN No cozgaHuto 
MOWWHOrO NYYKOBO-nNa3smMeHHoro reHepatopa cToxacTuyeckux KoneGaHnii. MonyYeHHble skcnepuMeHTanbHble 


pesynbTaTbi (MOLHOCTb 15 KB B nonoce yactot 300 — SOO My) Haxogstca 8 xopowem cooTBeTcTBUN Cc 
TeopeTuYeckumn pacyetamnu. 


V. Cnucok nutepatyppi 


[1] Bepesuy A.K., daitHGepr A.B. v ap. dusuka nnasmpl, 1994, 20, c.782, 790. 
{2} Bepesun A.K., a#H6epr 4.5. uv ap. Proc of 10 Int. Conf. on Power Beams (BEAMS'94), {Af I}, p.260, Il, p.564. 
[3] Uhm H.S. Plasma Physics, 1993, 5, p.1877. 


[4] Anucos A.%., Bepesvy A.K. 4 ap. Hoxnag N9J02 Ha MexA~yHapogHon KoHcbepeHuMK no cbu3nKe nnaambi. ICPP-96, ceHtAGpb 
1996r., Haro, AnoHusa. 


Matepuaant 6-i Memnysapoanoi Reamcxol Maxponoanonol Kauheperiuns AeehMaXoG6. 16-19 cewrabpa 1996 r., Cesacronoan, Kpoim, Yepanna 
Proceedings of 6th International Gemean “Mécrowave Ganference CrerHlq2o'96. 16-19 September 1996, Sevastopol, Crimea, Ukraine 207 


[5] Wadhwa R. Proc. IRE, 1964, 52, p.83. 

{6] Wanduser D., Harris R. Journ. of Appl. Phys., 1964, 35, p.1642. 

[7] “CBY-SHepretuxa” nog pea. 9. Oxpecca, M: Mup, 1971, 1, c.119. 

[8] Ansmoscki W.B., Snexcrpoxnbie nyKn wu snexTpoHHble nywKy", M: Cos. Pago, 1966, c.299, 307. 
[3] Cynun P.A., Casonos B.. 3amegnatoune cuctemb!. M: Cos. Paguo, 1966, ¢.20, 48. 










i | 






I 
° 
} i! | er re 
‘ 7 r 
4 Siou'es : q 
* . 
F 
j F 
| ra 


iG 


Puc.1 Cxema Ny4KOBO-lAa3MeHHOro reHepaTopa-yCHAHTeAd, 1 - SACKTPOHHaA IlyliKa, 2 - 
COACHOMA, 3 - TpyOuaTbIM IIAa3MeHHBIM BOAHOBOA, 4 - CIIMpaAbHaA 3aMeAAAIOUAA 
CTpyKtTypa, 5 - MOrAoljatoujad Harpy3ka, 6 - S9KBUBAaACHT AHTeCHHBI, 7 - KOAACKTOP TOKa. 


BEAM-PLASMA GENERATOR-AMPLIFIER 


Alisov A.F., Berezin A.K., Borodkin A.V., Lyapkalo Yu.M., Onishchenko I.N., Fainberg Ya.B. 
Kharkov Institute of Physics and Technology 
1 Akademicheskaya St., Kharkov-310108, Ukraine 
E-mail kfti@rocket.kharkov.ua 


The theoretical and experimental investigations have been carried out on excitation of plasma oscillations and radiation of 
electromagnetic waves using plasma waveguide. The initial fluctuations of electron beam obtained in electron gun of special 
magnetron type (12 kV, 10 A) were amplified in plasma waveguide. Modulated in such way electron beam generated the HF 
electromagnetic radiation of 25 kW power in decimeter frequency band with pulse duration of 160 us and frequency repetition of 2-8 
Hz in helix slow-wave structure. | 
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BOSBY AK RERHE SME AMHYIBCHHIM CHJIIbHOTOUWHbIM 
POU B MACTHRTHOM DOWIE 


B.A. Banaxupes, C.J. Capennunxon 


XapLKoBCKUM PUSRKO-TexHWYeECKHE uECTUTYyT, 310108, Kappxor, yn. Axapewmzecnas 1. 
e-mail kiti¢rocket.kharkov.ua 


Aunoranua. Hccnepyerca mexangom hopMaxponanes OMHM B peoynprate 
KPSTROBPCMEHHOTO NEPeCeyeHHA BUEKTPOHHHM NYYKOM (CrYCTKOM) CHNOBHIX 18- 
HEH MAarnuTNoro Nona. Hoxasano, wro nos6yxWeHHoe ONEKTPOMATHETHOE None 
O6WalaeT CROMCTBOM WKPOKONONOCHOCTH, & €fO HHTCHCRBKOCTS Kd NapamMeTpos 
HYIKA NerEO PeatkoyeMBIX B OKCHEPAMEeHTe MOET ODITE BECHMa GHAYHTCIBHOR. 


@uondeckan Mopens. 


Ulyct, MarHaTHE cuol KOHeWHOR TonumH L npaMiKeaer K mocxocra z = 0. Oc Oy 
HalipaBiens BRepX, och Oz copnayaeTt c Halpapnennem MarnyTrHoro nona. Cunoprie 1H- 
HAM NOMA HanpaBieHbl NepnenpukynapHo crpanane. PaccmoTpam mony denne onemeHTa 
nywka, JeTawero #3 —co Byomb ocH Oz, c NIOTHOCTEO ToKa 


dj = —dQV (t,t)8(F — FE, to)), (1) 


rye dQ) = I(t )dto—capay onementa toxa nyyxa, Jo(ty)—nonner ToK myaxa Ha Bxone 
B MarHHTHoe none {2 = 0), to—spema ners. Pynxnua Ip{to) cagaeT ToKoREti aM- 
HY ALC Tyre. Fo{t, to)—sakoH [BHKeHHA ONeEMEHTA TOKa, ONBCEIBAIONIEH ero TpaeKTO- 


pHp, V (¢, tp )—copocTs ny4dxa. 


Buinof ocHOBEREIX ypaBHeHHH. 


{Ina paciera uMiynEcHoro Nona HonyyeHHa oneMeHTa nydKa (1) B WanbHeH GoHe Aa da- 
crornon DypLe-aMnARTyE BEKTOPHOTO NOTeNWWaANe BOCNOALGYEMCA BGBECTHHIM BEI 
paxensem [1] 





——} erok coer . > 
ee t(wt—kro(t,to )) 
A. 10) >on | V(t, to)e dt, (2) 


rye H—paccrosuue of Hayana KOOpHAHaT fo TOUKA apuesiene M(R, 7), i= = w/c, 
i—-cHHBYHH BEKTOP B HaNpeBlenHHu OT Havana KOOpAHHAT 70 -TOUKH HabmoyenHa, 
nz = sinfcosy, n, = snOsiny, n, = cos, 0, y—yrnosiie KoopaHHaTH chepwaecKon 
CHCTeMEL KoopamHaT, Acnonboya cBa0b MarHATHOrO ond H BeEKTOpHOTO NoTeHTMana 
umMeem 


a eR f deo Infty er { G Vir erelr—Aolr hay 3 
= 5 oR J o Loto) » V(r) Le (3) 
—~m x) 
llocne uuTerpupoBaHHa No BpeMeHaM BieTa H O6paTHOro Pypbe mpeobpasoBanka BEI- 
paxenne Kis BMIYNIECA] SICK T POMarHeTHOFO HORY ICH HPRHEMaerT BH 


H(,R,a)=-— f lt, Voy & ato a, 4 
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ree @ = t— R/e~ 7+ A¥o(r)f/c. Tocxonnxy nop AekcTBHeM cH NyYWOR PBMKeETCA 
TONDKO B TeTeHHe BpemMenn 0 > 7 > 7,, Tie 1,-—BPeMA pacceAsHHA, BEIPAxKenze (4) paisa 
WOIA HONYYeNHA Moxer Oni, WpeobpacoBano K BEY 





— , (#,&] oft — Rfe) 1 fla ay | 2a 
sien cR 1— Bosinécosy oa! a, V (7) dt dr 


(5) 
[#, @2] Io(t — R/c — t. + (a/c){sin(y + a) — sing) sin 8) 
~Po chk 1 -- Bosin # cos(y + a) ; 

The €1.2—eR#HMGHEIe BEKTOPE! B HalpaBlenaM CKOpOcTel fO HM Noche pacceAHHA 4a- 
CTHH Tiyaka MarnuTunm nonem, Meppoe cuaraemoe cooTBeTcByeT HONYAeHMIO My %KO- 
BLIX YacTH BIeTAOUIMX B MarHuTHoe none. Tperbe charaemoe onuchipaeT BONy dense, 
BOGHHKaIONIee IPH BHIXOWe NyIka BG MarHETHOrTO Hons. Bropoe cnaaraemoe, nponop- 
HWOHRALHOe NPORGBORHOR TOKa NO BpeMeHH COOTBETCBYeT HCOAYYCHHIO pH BHKeHAE 


YacTHH 10 KPHBONMReMHOMY Y4acTKY TpaexTopHu nop peacreuem cane Jlopenca. 


Avnaiue XapakTepuCcTHK MMNYILCHOTO BONYUeHMA. 


Onpenenum Mompocrs P(@, y,t), sonyyaemy!o B WaHHOM HAaNpaARIeHAH B e_WHAY Tesle- 
cHoro yraa 


P(0,9,t) = — W208, pt) + ¥2(8, », 2) , (6) 


hynxnan Uy(0,y,t), V,(6, y, t) caacannt c KOMMOHeEHTaMa MarHETHOrO Nong B hawHeH 
sone chenypmuamn cootHomennama Wy(6,p,t) = R?. He, V(6,9,t) = BR? > Hy. 


DIAG 
2 


: 
xh Nis. 


tian: 
SHO 
ate 





Puc. 1. JTmarpamma nanpapneHHocTH Bony IaeMOH OHEprHE. 
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Queprua W,,3, HONYWeHHad B eRMNEMY TenecHoro yrna (quarpamMMa HanpapaenuocTa) 
onpelensercs HHTerpupoRannem (6) no Bpemenn. Kax cnenyer ua rpadwaeckoro nper- 
CTaBIeHHA [HarpaMME HanpapleHHOcTH CM. puc.1, nocrpoennok pia y = 10, korja yron 
HOBOPOTa GHAYHTENLNO HPEBOCXOAAT YTALI HOLY YCHHA, [BB MBKCHMYMB COOTBETCTBYIOT 
ABYM PaBHONpaBHLIM HANpaBICHHAM HONYYEHHA FO HW Noche NepecesenuaA NYdKOM Ma- 
ruuTHoro noua. [pm Mannix onepruax, Boo6yxgalomlero crycTKa, yriki HONyWeNuA Ga- 
CTHYHO NepeKphBaloTCcEa HB (MarpaMMe HanpaBleHHOCTH PopMEpyerca OHH MAKEMYM. 
Or Hanrpannenaa caBucuT Hw Npodun, uswydenHoro uMNynBECAa CM. puc.2. 


0.3. 





Puc. 2. Ipodann acayqennoro umnyapca. 


Ifpounrerpupopas (6) no spemenm uw no BceM yruaM, NONYYAM NOMHYIO HOY YHHYyIO 
ouepraio. Onpegenum KILI acnyyarena xax orHowenne nomHok wonyyeHHOn pHeprHH 
K KHHeTH4eCKOM ONeprug crycTKa 


¢ 7 | 
= Wraa/Whn, THe Whin = —( — Win / F(t)dt. (7) 


OO 


~ 


B cny4ae (HHHOEMHYALCHHIX NYIKOB, KOrAa 7 CyWeCTBeHHO MpeBocxo_UT BpeMa pac- 
ceaHna t, MarHaTHEIM nonem t,/7, < 1 nonysenneie Burpaxenna (5)-(7) moryrT 6EITS 
HCCHEROBANE! ananaTHyecnH, Jlerxo BuyeTL, YTO HHTerpansyoe craraemoe B (5) umeer 
nopanox § = t,/7 & HM MOKHO npeHeOped, no cpaBHeHMO c OCTANLALIMA _ByMA. 
ipa orom hopmupywrca yea aMnyAbcAa NpoTHBONOAOKHOR NonspHocTH, pacipocTpa- 
HAIOWIAXCA TOR PasHEIMa yruamu. Ilpase_ennEte BLUE rpauKH COOTBETCTBYWT Mapa- 
metpy 6 = 0.6. Maxcumym uonygenma (nuxopoe GHaveHme noma) nepsoro aMMynECAa 
HPHXOAMTCA HA YIIE, ONpeyewseMbie HO COOTHOMeHHA cos ysin# = fo. B peastasact 
ckom cnyase fy % 1 pro coorHonienHe MORHO ynpocTuTDL w NpabAMKeHHO GANUCATE B 


Bune 
e+ (0-af/2P = 1/7. (8) 
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Ha naocxocrs ¢v,? oro ypapHenme onncHIpaeT OKpymHOCTL paguyca 1/y. Taxam o6pa- 
GOM, MaXCHMYM HH TCHCHBHOCTE KMMIYNSCHOrO HGAYGeHHA UpuxoRNTca Ha yron 1/7 oT 
HOCHTENbHO NalpaBlenwa J BHXKeNEA CrycTEKS oseKTpoHoOB. AnanormaHoe cooTHOMeHHE 
mMoxeT 6HITE NONyweHO WIA BTOpore uMnynsce. B yvanpapnenna MaKCHMYyM®e Holy daemMas 
MOMIMOCTL NPCHOPUHOHSKLUS KBBDPATY PENATHBUCTCKOTO Maxrropa 


Pruse = 22 Ft— B/o) 34°, (2) 
rye [,,—iHKOBOe GHaYeHHe TOKOBOrO BMiTynEca, F—DbyHEnHA ONECEBRIONIad ero Ipo- 
buns. Vosnyio wonyqennyw OHEpraio MOKHO HakTA NpEOAMKEHHO B PeNsTHBECTCKOM 
cnhyuae, KOLA yrom NoBsopora cywiecrBeHHo NpewocxonERT yron wonyYenua a > 1/7. 
I[pu arom ucnydaemHe aMHyAECH 6yhyT MpocrpancTBenno pacHecenn. Unrerpaposa- 
HHEe KaeT CIETY IOWMIES BLIDRKCHHE 


2 oo 
Wig tn Iny | F*(t)dt. (10) 


Coornercrsenvo qua KIL] aonyaarena wmeem 


jee pot (/ F(t)dt / (j F(8)dt } . (11) 


Hichw yrou HopOpoTa MAN TO CyWIeCTBeEHHY!H ponb 6yxeT UrpaTL ABAeHMe NepeKpLITHA 
nMnynEcon. B eroM chyiae BOGMOKEH AHANHG TONBKO C IpHBIeteHHeM YHCHCHHEIX Me- 
Tonos. B cuyyae rayccosckoro enexrponnoro myaxa F(t) = exp(—t?/7?) aaa KIL, 
NpewioKeHHoOH cxemEX Booby ayenna OMY, nonyyaem npocroe srpaxenne 


n= VO" a2. (12) 


Iny- 
B wactuocra, upu y = 2.7 (eneprua 850KeB), roxe 8.5xA—KIL] cocrapaser 40%. 
OrmMetTHM, ITO HGMeHeHHeEM MarHATHOrO Noa MOKHO MEHATH yrol NoBopoTa a, a cye- 
HOBaTeENLNO H AHArpaMMY HawpaBnenHOCcTH, B TO BPeMA Kak HGIyWAeMaAn OHEPrHA H 
KIL], sapacar or Marnwrnoro noua cnabo. 








AaAKkIIOUWeHHe. 


Uccneyqosan nponecc PopMHpoOPSHHA BMIYALCHOTO BGHYGeHHA TPH NepeceyennH pe- 
HATHBUCTCKEM QUICKTPOHHEIM CryYCTKOM HOCTOAHHOFO OFHOPOMHOTO MAFHHTHOLO NOMA. 
Ilpaseqentt qHarpamMa HanpasnenHocTs w PopMa BGAyYeHHOTO HMNyobCa Booby xRe- 
CMOFO GIEKTPOHHHIM CrYCTKOM rayccOBCKOH MOpMHEI, WIHTeNbHOCTEIO 7% luc. [loxa- 
BaHO, YTO B JaIbHeH GOHe AHArpaMMas HallpaBNenHOCcTH BONY AenBA BH POpMa AMMYNECOB 
BMEIOT CHILHO O6ycHOBNeEHHYIO yrnoBylo GapucumocTs. Hanpapnenne akcuMyMa BGIy4e- 
HS NHEpBOTO MMITYHLCA COOTBETCTBYeT HANpaBIeHHlO TBE KeCHHA HepacceaHHOLo ily 4kKa, 
T.e. TO BleTa B MarHHTHoe none. Hanpapnenue pacnpocrpanenaa BTOpOTO AMMNYIIECA NO 
OTHOMEHHIO K HepBoMy BMeeT YON PaBHEIH yIly pacceAHHA H ONpeelmeTCA CKOPOCTbIO 
CryCKa, TOMMAHOH H HANpPAXeHHOCTLIO MATHHTHOLO NOU. 


Cuacox natrepatrypHu 
1. JLT. Jlanpay, E.M. Jm@umn Teopaa nona M.: Usp-no ”Hayxa”, 1973. 
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AHTeCHHb! KW @HTCHHbIe SNECMECHTbI 


Antennas & Antenna Elements 


PACUYET PACMPEAENEHUA TOKA, BXOAHbIX CONPOTMBMEHMH VW 
AVATPAMMBbI HANPABNEHHOCTH AHTEHH, PACNONOKEHHbIX 
HAA MHOrOcnovwHOK AUONEKTPMYECKON CTPYKTYPOK 


C.U. Pomahos, B.B. Bog pos, VB. BOMOAUHa...........ccccesesssssssssssssscssuceessenccassesecsususoreueveusuecsensevasaevsenuvessesenuerses 


THE CALCULATION OF CURRENT DISTRIBUTION, INPUT IMPEDANCE 
AND PATTERN OF ANTENNAS WHICH ARE LOCATED OVER 7 
MULTYLAYERED DIELECTRIC STRUCTURE 

S.1. Romanov, V.V. Bodrov, I.V. Volodina 


AHTEHHbI Ai UMNYNbCHOrO U3SNYYEHMA. OCOBEHHOCTU ONPEAENEHUA NAPAMETPOB 


BE. MIBAUIVK, -E5.Ule EIDONODEHK isc sicusaccisieassctvcsseusstuedscsuculsstecdussudibhdsuscazbeadusascuya sass psbubdebuse iuecacdeuleutnaiwasutassicsberse 


ANTENNAS FOR IMPULSE RADIATION. 
SPECIAL FEATURES OF THE PARAMETERS DETERMINATION 
V.E. lvashchuk, V.P. Prokhorenko 


LUMPOKONONOCHbIN LUENEBOK U3NYYATENb ANA NUHEWHOK 
AHTEHHOW PEWETKM C LUMPOKMM CEKTOPOM CKAHVPOBAHMA 


Pa EOD MAB 2a aces reacts Sis hs uaccsnaee coun vecusesaandesacaueductuse aawonsauaetcavuessanesduencec!esiasdlevoere buco ress eu eateleczcee aioe ts 


BROADBAND SLOT LINE RADIATOR FOR WIDE-SCAN LINEAR ARRAYS 
A.V. Egorkin 


FIPOPPAMMA PACYETA NAPAMETPOB OKBUAUCTAHTHOM NWUHEMHOM AHTEHHOWM PELUETKU 


PAS; EOP, NOs INV AC INO soe ieeicd ca ats sess sca as2aauao sou vast sscgisasesiecaba dua sossaeanesdacwennGeteieesaavacuniciaeniee teal , 


CALCULATION PROGRAM OF EQUALLY SPACED LINEAR ANTENNA ARRAY 
A.V. Egorkin, S.J. Maslov 


The paper describes algorithm and flow chart of calculation program of equally spaced linear antenna array. The program 
allows array pattern and gain to be estimated for various amplitude and phase distributions of array radiators excitation 
including random errors with Haussian distribution. The program merit is capability of various array radiator pattern and 
initializations such as hypothetical isotropic radiator pattern; well-known approximation by sine polynominals: point 
initialization or screen patterning. The two letters allow to estimate array pattern for various scanning angles on the ground 
of measured pattern of single element as a part of array fragment permitting to simplify the antenna measurements. It is 
shown that estimated linear array parameters are in good agreement with the experimental ones. This program is 
comfartable for user, 


CPABHEHME PESOHAHCHb!IX CBOMCTB Y3KMX LIENEN B BONHOBOJAX: 
NONOM, HATPYXXEHHOM FPEGEHKOAM UNM CNHOUCTbIM AUSNEKTPHKOM 
IL... Auyk, U.B. Pop6ay, A.B. Kuponkuna, B.A. Katpny 
COMPARISON OF RESONANCE PROPERTIES OF NARROW SLOTS IN HOLLOW-WAVE- 
GUIDES AND ONES LOADED WITH CORRUGATED SYSTEM OR LAYER DIELECTRIC 
L.P. Yatsuk, |.V. Gorbach, A.V. Zhironkina, V.A. Katrich 


AVHAMUKA SMM, V3NY4EHHbIX ANEPTYPHbIMU AHTEHHAMI, B MMOCKOCTAX, 
NAPANNENBHbIX PACKPbIBY PYMOPA 


B.A. Banaknpes, F371. CHACNDHUKOB..........csccssssccsescsoussssesessesosescessecesessnsnsstsasenessusarsseceranausussansarsenuseuseaveseusnarenesess 


THE DYNAMICS OF EMP RADIATED BY APERTURE ANTENNAS IN THE PLATES, 
PARALLEL TO HORN OPENING 
V.A. Balakirev, G.L. Sidel’nikov 


The spatial-time dynamics of short electromagnetic pulses (EMP) on the transverse plates to system axis symmetry 
radiated by rectangular aperture antennas is investigated by analytical Huygens-Kirchhoff and numerical methods. It was 
ascertained that radiated EMP is bi-polar and consists of exciting antenna opening primary pulse, as well as one or several 
pulses of the opposite polarity. The influence of the aperture geometrical features, form and duration of the driving pulse on 
radiated pulses fields is investigated. It is shown that the duration, the time delay and the order of radiated pulses are 
rigorously determined by initial parameters of the driving pulse and aperture and may be a priori predicted on the basis of 
the crude Huygens model. 
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TPAHC®OPMAUMA CHEKTPA WAMPOKONONOCHOPO CKTRASIA, 
VUSNYYEHHOPO CAMMETPHUHBIM BABPATOPOM 


A.W. AcTankun, B.5. Mpoce, K.B. TiO uo ivscccicscsasstisassoscdssssasecsescnancccasevendssestsssenetssvorsseisieecansseussestensauivassissuciore 


TRANSFORMATION OF SPECTRUM OF WIDE-BAND SIGNAL, RADIATED BY SYMMETRIC DIPOLE 
A.|. Astaikin, V.B. Profe, K.V. Trotsyuk 
Distorsion of staticnary wide-band signal with uniform energy spectrum has been examined. The results of calculation of 


input resistance and partial patterns of symmetric dipole, amplitude and phase spectrum of the field in reception position 
have been given. 


XAPAKTEPUCTMKM HANPABNEHHOCTH KBADPATHbIX MK KPYTOBbIX 
AHTEHHbIX PELUETOK CO CHABO 3ANONHEHHOUM ANEPTYPOK 


H.H. TopoG6eu, A.B. KonoGenHno, 1O.H. TOpoGe..........ccccsssssserseccssrsvessesccestenannesuceeceecenesenterentascasanvacsssaesnssareranees 


DIRECTIVITY CHARACTERISTICS OF THE SQUARE AND CIRCULAR 
ANTENNA ARRAY WITH A WEAK FILLED APERTURE 
N.N. Gorobets, A.B. Zholobenko, Yu.N. Gorobets 


HANPABHEHHBIE KW MONAPASALIMOHHBIE XAPAKTEPHCTUKU KOHMYECKKX 
PYNOPHbIX M3NYYATESIEM C M3NOMOM YFNA PACTBOPA 


PUT ODOGCUE Ba i PIANO G i scsae sect ceseecccncesscs Secs caceSucceat coeseciedannssussavesacauceasoreessavasawasaeacactencciesviesaasucanuaaanvassiessdenaaait 


DIRECTIONAL AND POLARIZATIONAL CHARACTERISTICS OF CONICAL HORN 

RADIATORS WITH THE FLARE-ANGLE BREAK 

N.N. Gorobets, V.M. Dakhov 

The characteristics of conical horn radiators with the flare-angle break were researched in the bandwidth from 9.5 to 12 


GHz. The antenna pattern width of radiators was measured on the level Of -3 dB, -10 dB and -15 dB. The cross- 
polarizational radiation of such radiators was researched. 


USNYYEHME SAEKTPAYECKOLO BUBPATOPA, OPVEHTMPOBAHHOrFO 
NEPNEHGUKYNAPHO NPAMOYFONBHOMY SKPAHY 


FEF ACSC aoc cece acta Baca cek cccika de nscee ca ceccavaccua cea pac wiecake edsiansecaewa ba nan ada sb Hie a cat tueawaae Gan od ewseni ee 


RADIATION OF ELECTRIC VIBRATOR ORIENTED PERPENDICULAR 
TO THE RECTANGULAR SCREEN 
N.P. Yeliseyeva 


MOAENUPOBARKE AMMINUTYAHO-OASOBOPO PACHPEQENEHUA B ANEPTYPE 
JiBYX3EPKANbHOU AHTEHHbI C YYETOM FEOMETPMM MANOFO 3EPKANA 


J1.M. Mlo6kosa, A.A. Mupor, K.A. POonukos, A.B. BoBi..u.........ccccccscssccesvecnencstscceceserssesscnesencsscecenscauanscscnsousanceseures 


SIMULATION OF MAGNITUDE-PHASE DISTRIBUTIONS IN APERTURES 
OF DUAL~REFLECTOR AERIAL IN VIEW OF CONTRREFLECTOR GEOMETRY 
L.M. Lobkova, A.A. Pirog, K.A. Golikov, A.B. Vovk 


ONPEAENEHUE XAPAKTEPUCTUK DBYX3EPKANbHbIX AHTEHH B NPVBAVKEHAU OPEHESA 


f.M. Nlo6kospa, A.A. CaBoyKu, P.B. CTYMaKOB.u........ansssnsresensssssessussscssarenssavecsterecuscerscnsoncaceseseusvaracesnevensaaes 


DETERMINATIONS OF RADIATION CHARACTERISTICS OF DUAL-REFLECTOR AERIAL 
IN FRISHNEL APPROACH 
L.M. Lobkova, A.A. Savochkin, G.V. Stupacov 


MOQENUPOBAHME XAPAKTEPUCTUK PAMOUHbIX AHTEHH 


JI.M. Tlo6kosa, M.B. NpoueHo, O.A. MOH... eccccsescssecccsvensensssenccnsnsssessenescssecsesesssserssseusaseatescesesnsaacesens 


MODELLING OF CHARACTERISTICS OF FRAME AERIALS 
L.M. Lobkova, M.B. Protsenko, O.A. Posny 


KOMNMbIOTEPHbIN AHANN3 DUANASOHHbIX XAPAKTEPUCTHK 
AHTEHHbIX PELUETOK BEFYLUEM BONHbI 
H.H. Topo6eu, 1O.H. Topo6eu, B.M. Daxos, A.B. Konobeuko, B.A. Katpuy, 


B.U. Kunko, B.C. Nonos, B.A. Besnwgpko, C.P. BoHgaph, T.H. AUtOk..........cccscsssssesseseseoesseresarenesusseecuecneeseens 


COMPUTER ANALYSIS OF BAND CHARACTERISTICS OF TRAVELLING WAVE ANTENNA ARRAYS 
N.N. Gorobets, Yu.N. Gorobets, V.M. Dakhov, A.B. Zholobenko, V.A. Katrich, 
V.I. Kiyko, V.S. Popov, V.Ya. Bezludko, S.G. Bondar, T.N. Yatsuk 


AHAIIUS T-COEQUHEHMA N-BONRHOBOZA C NPHMOYFOJIbHbIM B E-TINOCKOCTU 


BS. . KpbikaHOBCKMN, 1.8. PACCOKMH A 6iisscs sascacissseccctcesesuvasesecsnesce cuasvavssaruease devavevsinsiessseudeeseuanedvanewanebaeadsswesesdpianes 


ANALYSIS OF E-PLANE TEE OF N-SHAPED AND RECTANGULAR WAVEGUIDES 
V.G. Kryzhanovsky, Yu.V. Rassokhina 


The task of waves diffraction in E- -plane tee of M-shaped and rectangular waveguides is solved using a method of 
generalized scatter matrixes. Vacuum and dielectric filling up of resonant coupling area have been examined. 
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PACYET PACIIPEDENEHMA TOKA, 
BXODHbIX COMPOTUBMEHUL V 
OQUArPAMMbI HAMPABSIEHHOCTV AHTEHH, 
PACNONOMKEHHbIX HAD MHOFTOCNOMHOU 
QUSNEKTPAYECKOV CTPYKTYPOK 
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Anvnomauus - [ina yueTa BNUAHMA NnocKO-cnoucTON CpeAb!, pacnonoxKeHHOK BENUSM BUSpaTOPHbIx AHTeHH pasNu4Hbix 
KOH*UrypalMi, UCNONb3syeTcA MeTOA MHTerpanbHbIX ypaBHeHHit Cc pasneneHvem ero spa Ha ”Be YaCTU: NepBoe cnaraemoe 
ONUCbIBACT B3AUMOAEKCTBUe TOKOB AHTEHHbI B CBOOOAHOM NpocTpaHcTBe, BTOPOe cNaraeMoe onvicbIBaeT BNUSHKe OTPaKeHHbIX 
none 4 npegctasnsetca B BYse ABYMepHoro MHTerpana ypbe. Haiigena acumnToTuKa CNekTpa ANA BTOpo “actu Agpa, 
NOSBONAIOLAA YCKOPMTb Npouecc BbINNCcNeHM. To HavigeHHomy pacnpeneneHvio ToKa onpegenstotcn HeoGxoguMbie ANA 
MpOekTMpOBaHhA u3nyYaTenA XapakTepucTuku, B TOM YYicCNe BxXOAKOe conpoTMBneHve, NoTepu B cpene uv KOscbcbuuNeHT 
nonesHoro AevcTBuA ManyYaTena. NpnBoAATcA OCHOBHbIe COOTHOWEHUA U CcbopmynbI, peanusylouive npeAnoxkeHHbIi METOA. 


I. BBegenne 


HeCMOTpA Ha TO, YTO NpoBnema yyeTa BNUAHMA MNOCKO-cnoNcTOM cpepb! (ICC) u B YacTHOCTH 3emnu 
Ha X@PakTEPUCTMKM AHTeEHH CTOUT AaBHO W NpeANoxKeHbt MeTOAb! YACTMYHO pewatouiMe sty npoGnemy, 
NPeACTaBNAeT UHTepec pa3spaborTka TaKUX METOAOB, KOTOPbIe CHVMAHT OFrpaHMYeHNA Ha YOANeHHOCTb AHTeHHbI 
OT FPaHUL{b}, HA KOHCUrypaUlO AHTEHHbI MW Ha OfpaHNYeHMA Ha CTpyKTypy U NapamerTppl MCC. 

B faHHOK pabote paccmatpuBaetcn MeTOA PeleHHA AAHHOM sagan, KOTOPEIN Cc OHO CTOPOHbI 
NO3BONACT TOUHO ONMCaTb BnuAHve [ICC Ha AaHTeHHYy, a C APyrOU CTOpPOHb! NO3BONAeT TakwKE TOUHO PeLUMTb 
NOCTABNEHHYW 3aqayy HE HaNnaran CYLWECTBEHHbIX OTDAHNUUEHM HUY Ha AHTeEHHY, HV Ha [ICC. 

CnelvanbHble ycunua apropos 6binv HanpasneHb! Ha peanusauuio AaHHoro MeToga 6e3 npuBneyeHnA 
CNELMYANbHbIX BbHIMACNUTeENbHbIX CDeACTB. 


Il. OCHOBHAA YaCTb 


B paOote paccmoTpeHo snurHve MCC c noTepAMM Ha XapaKTepPHCTHKM MPOBONOUHbIX A@HTeHH 
NPOW3BONbHOU KOHCburypalwu, pacnonoxKeHHbix Hag MCC. OcHoBHo paccuuTpiBaemon XxapakTepucTuKon 
ABNACTCA pacnpenenenne TOKa Ha AHTEHHE, a 3HaA pacnpeAeNeHue TOKa, PACCUNVTbIBAIOTCA BCE OCTaNbHble 
NapaMeTpb! AHTEHHbI: BXOAHOE ConpoTuBnennve, {JH u sHepreTHYecKne xapaKTEPUCTMKN AHTEHHbI. 


PacnpefeneHve Toka Ha AHTEHHE PaccuNTbIBaeTCA cnegAyouwMM O6pa3zom. Mone E npenctasnsetca B 
BUge cyNepno3snvUvi NEpBUYHOrO NoONA UW OTpPaxXeHHOrO nonsA: 


=> > > > > 
“cM _ phnepys scm onip ¢ ;cem 

EQ aE ty He GG) 

Ana pacueta nepBu4Horo UM OTPaxKeHHOFO NONA UCNOMb3ylOTCA pasHble cnocobbl npeACTaBNeHUA sTUX 
none. Mepspuytoe none - eto none B GeckOHeYHOM cpefe, NosTOMy OHO paccuTEiBaeTcA CcTaHgapTHbIM 
o6pa30m c Vcnonb30BaHVieM BEKTOPHOrO NOTeHUMana UB MaHHo paboTe Ha OOcyKRae}Tca: 

> — --> 


Nepy 3cmy _ | : di a “cm oy on 
En) == (graddiv AG") +kq AG™)) 
a 


Ajo) = — | pe dV 
G™")= > ! ia 


{inv paceta oTpaxkeHHoro Nona vicnonb3yeTcA npepcTasneHve cbyHkyun [puna B Buge AByMepHoro 
npeo6pa3zoBanuan Dyppe: 


> — > 


EMG") = | G(p.gjrqav 
V 
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G(p,q) = {| FR)e"" dK 
K 


NogbiHTerpanbHan MaTPULa HAXGAMTCA TOUHbIM PeLUeHVeEM PpaHMYHOH 3aga4n, ANA peweHvA KOTOPON 
VCnONnb3y!loTcrA NoTeHuNanbt feb6aa [1]. 

NMopbikterpanbHan cCyHKUMA B 9TOM VHTerpane ANA MPOW3BONbHO UB3OrHYTbIX BUAOpaTOpoB MORKET 
cna6o 3aTyxaTb, NOSsTomy ObiINo NpPOBeEAeHO yNyUWeHVe CXOMUMOCTH WHTerpana BbINeNeHHeEM eo ACUMNTOTUKM. 
Takum O6pa30mM oTpaxeHHoe none ObiIno npexAcTasneHo B BUge cynepnosnuMn sepKaNbHOro UCTOUHMKa C 
HEKOTOPbIM BECOBbIM KO3C@CULMeHTOM K 4 OCTaBLUUMCA POOaBKOM: 

— —-> > ~> > — 


pore Ge) es K prs on) oe A om Ge) 


[en eas 
Er. + Ep} 


None 3e€pKanbHOrO VUCTOUHMKa TalOKe BbIMMCNAeTCA CTaHAapTHO C UCNoNb30BaHveM BeKTOPHOrO 
noTeHuvana: 





aor . i cm ray Zz z¢ 
IDE, 
ar > 1 > oe KaRsepx 
A sepx GV my sa ae ia (q) “Ree dV 
V Ee 


Npu peweHvu mocTaBneHHOoW 3ana4n ucnonb3soRaricn mMeTOg [anepKvHa, B KOTOPOM TOK 
packnagbIBasica Ha CUCTeMYy KYCOUHO-CVHYCOUsaNnbHbIX Ga3snvcHb!x CbyHKYWA ToKa (BOT): 


f= aD) 
sin(k, L;) 

MadhbiA BbISop BOT o6ycnoBneH cnegzyioluMMn APYYWHaMU: BO-NePBEIX, COBOKYNHOCTb 9TUX BOT 
DOCTaTOUHO MONHO VW TOUHO annpoKcumupyeT pacnpeszeneHne ToKa Ha AHTEHHE VU BO-BTOPbIX, BCe MHTerpanb! Mo 
MpOCTPaHCTBEHHbIM KOOPANHaTaM OT TakUx CyYHKUMM BbINMCNANOTCA B aHaNnuTMYeCcKOM Bue. SameTuM, YTO BOT 
MoryT 6biTb HE TOsibKO NPAMONUMHEMHbIEe, HO M UBOTHYTbIe, UTO MO3BONAET PaCCUNTbIBAaTb Gonee co xKHble 
NpOBOAHUKK, 4eEM NPAMONMHEHHbIe. 

Nocne npoextupoBaHiua BOPT, 3agaua CBOAMTCA K pacueTy MATPULibl BSAUMHbIX BNUAHUU BOT Zyq U 
petueHnto CHIAY: 


[Zea 2) =|") 


OTa MaTpYllIa NpeAcTasnsetTcA B Buse CYMMbi MaTpML| NepBMYHOrO NONA, 3epKaNMbHOoro NONA U 
MaTpunibl, KOTOpPan YYUTbIBAeCT VHTEPpepeHuno Nafatrowwero U OTPaXKEHHOFO NONA B ONWKHEM 30HE, KOTOPAA VU 
PaccyuUTbIBaeTCH YMCNEHHO: 


ca = ZF yg [+ RI Z™PT pg |+[ AZ”? pg | 


oe , ie 
mp Saf Og omp iKAF 4 = 
AZ?" pg |= — If (yp ater |v, Je ae 
Sma Ep] K 
2 E m 
ies ot : 
jE R, it oi —&p° 
ri y! 
| n” er 
,gomp __ ae ee £ = 3 
AMO™P =| i Ryx l Ry 10 
Yi y| 
2 
_K 
gp” np” ay 62 
Y} 
ee 2 
VY, a_yq er 
Geta? 
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Wp, Wq - BeKTOP-cTpoKa KM BeKTOp-cTronOeu, ABMAIOLUNeECR pe3ynbTaTamMu WHTerpvHpoBaHnaA no 
MPOCTPAHCTBeHHbIM KOOPAMHaTaM. 

Rix, Rey, Ryx, Ry, p° - KoocbcbuUMeHTbI OTpaKeHua oT NCC. 

dina MHOorocnovHou NCC KosddbuyMeHTb! OTpaxKeHMA PaCCUMTbIBAIOTCA cNenyIOLWMM oO6pa3om. 
KaxgomMy CrOlO COMOCTaBNAeETCA YeTbIPeEXMONIOCHMK MW MHOrocnovHaR cTpyktypa nmpefctapnaAetcA B Buge 
KackafHoro COeAMHeEHMA YeTbIPeXxnNoMoOcHMKOB. Mlostomy yQO6OHO onepupoBaTb c MaTPMUaMM Mepepay Kak 
SKBUBANEHTAMM KOHeUHbIX CNOGB, KOTOPbIEe NPY KaCKa/JHOM COeEAVMHeHUM MepemHoOMKatoTcaA. A nonyGeckoHeYHbIM 
MPOCTPaHCTBaM COOTBETCTBYIOT BONHOBbIE CONPOTUBNeHYA 9TUX MpocTpaHcTe. Takum o6Opa3o0m sanaya 
HaXOKDEHUA KOSMCPNUNEHTOB OTpaxKeHin oT FICC peuiaetTcA aHanornyHo 3anauam TexHuKUY CBU. 

NMpegenbt utTerpupoBaHuaA B cnexTpanbHomM WHTerpane paBHb! OeckoHeuHoctu. Ho vcnonb3ya 
CUMMETPHIO NOAbIHTeEPaNbHOW ChyHKLIWM, MOXKHO WHTerpy“poBaHve no GeckoHeYHbIM Mpegenam cBecTu K 
nonyGeckoneuHbim. UYU nepexoaA K NoNsipHO cucTemMe KOOPAMHAaT, OAVWH V3 VMHTerpanoB MOXKHO CAeNaTb 
KOHEYHbIM. A B CnyY¥ae BEPTHKanbHbIX BOT wHTerpan No OAHOU U3 KOOPAMHAT BbIUMCNAeTCA aHanuTuyecky. 

Ana pacueTa MOLIHOCTHRIX XapakTepuicTHK UcNoNb3yeTcA Teopema TnaHWepen, C NOMOLIbIO KOTOpON 
D&C4eT MOLUHOCTU CBOQUTCA K dish eae UHTerpany, re UMeloTca cnekTpb! nonenw E uv H: 


P.,, = 22? Re | | (chy —eyhy dx 





Cnektp nona ss Obin HaveH, a CNekTp MONA MOKHO NoNyYNTb pa3sgenuB cooTBeTCTBYIOLUMe 
KOMNOHEHTbI NONA Ha XapakTepMCcTMYecKMe CONMPOTMBNeHMA sneKTpuyeckoro MW MarHuTHOrO Tuna. Mocne 
YMHOXKEHNA M NPMBEAEHYA NOMOSHbIX, MOLUHOCTL BbipaxkaeTcn B BUAe VHTerpana OT KBagspaToB moy”yneh 
HaVQeHHbIX CNEKTPOB. STO MHTerpan CXOAMTCA HOCTATOYHO BbICTpO. 

Mocne HaxoxKAeHMA MOLWIHOCTM N3nyYeHNA, MOXKHO HaTH CONpPOTMBNeHVe VW3NYYeHVA, MOLJHOCT 
NOTepb wv KIT/1: 


Tene _ ee oe err 
KO = is 
lee 


li. SaxknioveHnne 


SddekTMBHOcTh ~NpewANnoKeHHOrO MeToga obycnoBneHa cnepyOuwMMN NpvynHamu: BbIZeNneHve 
NepBuiYHoro NonwA v3zsbaBnAeT OT HEOSOXOAMMOCTH BLINUCNATb NNOXO CXOAALIMeCA CNeKkTpanbHble VHTerpantl, 
BbIFeneHNe 3eEpKaNbHOrO NONA MPWBOANT K QONONMHUTENbHOM CXOAMMOCTH CNeKTpaNnbHbIX WHTerpanos, 
MPUMEHEHNE KYCOYHO-CUHYCONAANbHOK ANNPOKCHMALIUN NO3SBONAeT NONYYVTb ABHbIE BLIPAKEHVA ANA Wo, Wa, 
KOTOpble TakxKe YObIBaIOT C POCTOM CNeKTpasibHbIX MepeMeHHbix. Mlostomy HavGonee ANvHHaA onepauna 
BLIMMCNeHvA =ABYMePpHOrO CnekTpanbHoro MHTerpana peanu3yetcA AocTaTOHHO O6bicTpo uc Gonbwon 
TOYHOCTbHO. Kpome Toro, NPOLIecc BEIMUCNeHUA MOXKHO YNYYLUVT 3a CYeT Toro, YTO KOsdcbMUMeHTb!I OTPaxKeHNA 
3ABUCAT TONbKO OT OAHON NePpeMeHHOH. 

MpumMeHeHuve noteHyvanos Je6an B NpsMoyronbHON cucTeMe KOOPAMHaT, NOSBONAeT paccMaTpUBaTb 
NPOUSBONbHYWO OPVEHTALVO AHTEHHbI OTHOCUTENbHO rpaHuub! pasgena cpey. 


iV. Cnmcok nutepatyppl 


[1] Bogpoe B.B., Cypkos B.U. Matematuyeckoe MogenuposBanue ycTpolicta CBY m aHTeHH. M.:MSW, 1994. 
[2] Mapkos F.T., Yannun A.®, Bos6yxgeHve asnekTpomarHuTHbIx BonH. M.: Pago v cBa3b, 1983. 


THE CALCULATION OF CURRENT DISTRIBUTION, INPUT IMPEDANCE AND PATTERN OF 
ANTENNAS WHICH ARE LOCATED OVER MULTYLAYERED DIELECTRIC STRUCTURE 


Romanov S.|., Bodrov V.V., Volodina I.V. 
Moscow Power Engineering Institute (Technical University) 
MPEI 14 Krasnokazarmennaya Str., Moscow-111250, Russia 
fax 095-362-89-38 


The method of integral equation with division of kernel on two parts, taking into account multylayered dielectric structure, is used. 
The first addend describes the interaction between the currents of antenna in free space and the other counts the influence of the 
reflection fields as two dimensional integral. Asymptotic of the spectrum for the second part of the kernel which allows to reduce the 
calculation, was found out. Such characteristics as antenna radiation resistance, efficiency and thermal losses in dielectric media 
are calculated. The results of the calculation of these characteristics for the typical configurations of radiators are presented in 
dependence from the different parameters of media. 


Marepitaant 6-% Menaynapoanoit Aeamcnolt Maxposoanonon Renhepenunn AgarHuRo G6. 16-19 centabpn 1996 r., Cenacronoab, Kppim, Yepania 
Proceedings of 6th International Gremean “AMécrowave Ganference CrevHe2s'G6. 16-19 September 1996, Sevastopol, Crimea, Ukraine 217 








AHTEHHbI Bik AMNYNbCHOTO MShNYUERUA. 
OCOBEHHOCTH OMPEAENEHUH 
MAPAMETPOB 


B.E. ABawyk, B.1. poxopeHKxo 
HUW PST “TOP”, 252056, Kues-56, np-m [o6edpi, 37, KMIVi-4020. 


AxHomauua - Mepavudblli avan3 AHTeHH SaKNOUua@eTCR B SKCNEPYMeHTaMbHOM M3MepeHun UX MapaMeTpoB. B pexume 
VMNyMbCHOro BUO3S6YxeHMA AHTeEHH M3sMepeHvNe KCBH no Bxogy KpaiiHe 3aTpyAHVTeNbHO, a SHepreTMYeCcKan AMarpamma 
HanpaBneHHOCTH HeagekBaTHO OTpaxKaeT HAaNpaBNneHHble cBOMCTBa AHTeHHbI. Mpeanaraetca ucnonb30BaTb WMMyNbCHyIo 
XAPAKTEPUCTUKY KOSCCUUMeHTa OTPAKEHNA NO BXOAY AHTEHHbI UW MMNYNbCHbIe XAPAKTEPUCTUUKM M3NyYeHuA. TawKe npesNnaraetcr 
BBECTH B3@VMHOKOppensuMOHHylO AvarpaMMy HanpaBneHHCCTv, YYUTbIBAaIOWYylO YCKaKeHMe chopMbl nonA usnyYeHuA no 
HanpasneHvio. Mpvsoautcn cpaBHeHve pa@smuyuHbIx AaHTeHH NO NpeANOKeHHbIM NapaMetTpam. BsinonHerH aHanv3 TOHKOH 
AMNONbHOM @HTEHHb!I Npu BO36yxeHMU MMMyMbCoM rayccoBon cbopmbl. 


. BBeepenne 


AHTeHHbI ANA U3SNYYeHHA BAACOMMNYNbCOB HalJINW LMpOKOe MPUMEHEHVE B USMEPVTENbHONW TeEXHUKe, 
AMCTAHUMOHHOM 30HAMpoBaHuu, pagnvonoKkayunu uv T.g. NpumexeHve BYgeouMNynbcoB B 3TUMX ObmacTAX 
NO3SBONAT NONYUUNTe 3HAYMTENbHbIN BbIKTPbIlli B MOMEXO3SALUVLLEHHOCTH MW AHCSOPMaLMOHHOK emKoctTy{1]. 

BaxkHbIM NapaMeTpOM TakUX AHTeHH ABNAeTCA cbopma u3snyyYaemoro curHana. [)K. Pocc B kayecTBe 
KDUTEPAA NPUMEHMMOCTH aHTeHH ANA Y3NYYeHKA BUACOUMNYN_COB NpPeANOKUN VUCNONb3IOBaTb KOHEYHOCTb ee 
UMNYMbCHOA xXapakTepuctuKu [2]. X. XapmyT oTMeyan, YTO ANA ONMCaHMA AHTEHH, U3nNyy4aloLUUx 
BUDeEOUMNYNbCcbl, 8B HEOOXONUMO NONb3IOBATLCA CEMCHCTBOM VUMMYNbCHbIX XapaKTeEPUCTMK MO Pa3sNW4HbiM 
HanpasneHuanM [3, 4]. 


ll. OcHOBHaA YacTb 


B AaHHolK pabote Mb! NoMmbITaeMCA HECKONEKO CVCTEMATH3UDOBaTb NOZX0A K OMVCAHUK) AHTeHH ANA 
U3NYYeHUA UMMMYNbCHbIX CHTHasoB. 
NepBuyHbimn (M3MepsxeMbIMM) NapamMeTpamu ABNACTCA UMNYNbCHaA XapaxTepucTuKa BXOMa AHTEHHbI, 


TO ECTb MOLIIHOCTb, OTPaXKeHHaA OT BXOA@ AHTeHHb! NpV ee 3anuTKe O-VMNYyNbCOM eAVHVYHO amnnutyAbl, Vv 
cbopma HanprKeHHOCTM anekTpuYeckoro (Mn MarHUTHOrO) MONA, usnyYaemMoro AHTeHHOM MO pa3snuuHbiM 
HanpaBneHuan. 

Ecnu wmnynbcHaa xapaktTepuctuKa BXOfa @AHTeHHbI ANA vsny4YeHMs) UMNYNbCHbIX CHrHaNOB BO 
BPEMEHM KOHEUHA, TO PACCMOTPEHVe HANDaBNeHHbIX CBOMCTB AHTeHHbI MO aHanusy CopmMbI NonA usny4eHuA 
MNO pasnVv4HbiM HanpaBneHuAM, B OOWIeM Cny4ae, BeCbMa NpoOnemaTUYHO. 

Ha pucyHKe 1 noka3aHo none u3NnyYeHVA B MNOCKOCTM TOHKOM NPOBONOYHOM AHTeHHbI, 3aNVTAaHHo 


VMNYSIbCOM TayCCOBOK MOpPMb! ANUTeNMbHOCTbIO 1 He (MO ypoBHio 0.1). None usnyyeHnA paccuuTbIBanoch u3 
BbIpPaxKeHuar[5]: 


E(t.9)= f (Ot T)-f (5{t- 2,)- f (4(t- 7). 
f = Pag R TAF 


4-m-Z-+R’ 
L+ JR? +L? +2LRCosp L+ VR? +1? -2LRCosp 
T1~ es : 
Cc Cc 


roe: E(t, @ ) - HaripAxxeHHOCTb snekTpuyeckoro fons” B Hanpasnenuu nog yrniom @ K OCM @HTeHHbI; 


& - BONHOBOe conpoTuBNeHue cpepbi: 
Z - BONHOBOe conpoTuBNeHve aHTeHHb!; 
O(t) - byrkyna Aupaa: 
V(t) - copma Hanpaxxenna sanuTKy; 
T 9 ~ BPeMA sayep>kkn Ha pacnpocTpaHeHie cuirHania OT TOUKM 3aNWTKA @HTeHHbI AO TOUKM 
HaOniogeHs ; 
T 1) T 7 ~ BPEMA safepxKKn Ha pacnpoctpaeHve curHana OT TOUKM 3anMTKM AO KOHYa @HTeHHbI M OT 


KOHLIOB AHTEHHbI 40 TOUKM HaGniogeHuaA. 
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R - paccTonnve OT WEHTpa AHTEHHbI AO TOUKM HaOniogeHunA: 

L - ANWHa Nneya aAHTeHHbI: 

C~ CKOPOCTb CBeTAa. 

AHanv3 HanpaBneHHbIX CBOVCTB @HTeHH yrIpOlwaeTcA MpM UCNONb3OBAaHYM sHeEpreTuYeCcKON U 
KOPPENALIMOHHONM AUarpaMM HanpaBneHHoctTy. 

OHepreTuyeckan fvarpaMMa HaNpaBNeHHOCTU, TO @CTb CPEAHAR MOLUHOCTh v3NnyYeHUA 3a BpeMA 


UMNYNbCHOM XapakTepuicTHKK Npn BO3s6byKAeHMM aHTeHHb! O -“MNynbcom, onpenensvetca kak: 


T 2 
P@)=—| ECON 
T 6 


rae T - ANUTENbHOCTh UMNYNbCHOK XapakTepMCTUKM @HTEHHbI. 

KoppenalMoHHan AvarpamMa HanpaBneHHocTu npeg”ctasnaeT co6oh yrnosylo 3aBUCuMOCcTE 
MaKCMManbHOro 3HAYEHUA CYHKLV CBEPTKY MexKay CPOpMOl CUrHaNoB NO HAaNpaBNeHUlo PNaBHOW OCM AHTeHHbI 
V NPOW3BONbHbIM Hanpasnennem: 


R(g)= max) R(z,¢), 
T 


: 
RG) ==[f Of 6-o-a, 
0 


re: 7. (7) - cbopma curHana no HanpaBneHuio MaBHOl OC aHTeHHbT: 


f (¢ — T)- cbopma curHana no HanpasneHuto nog yrriom @ K TNaBHOK OCU aHTeHHb!; 
p 


T - nepvog cnegosaHna curHanos. 

PaccMOTpUM UCnONbsOBaHve NpeACTaBNeHHbIX AVarpaMM NPM aHanvse HanpaBneHHb!x cBoicTB 
TOHKOM MPOBONOYHOK @HTeHHbI, 3aNUTAHHOM MMNMYNbCOM TayccoBOK chopMb! ANUTeNbHOCTbIO 1 Hc (NO ypoBHio 
0,1). Ha pucyHke 2 nokasaHb! sHEpreTMYecKaR VW KOPpeNAL|MOHHaA AVarpaMMbI HaNpaBNeHHocTV B NNocKocTH 
@HTEHH ANMHOK 0,08 mM, 0,9 Mu 3,5 M. AHann3 npuBegeHHbix AvarpaMM MokaabipaeT, YTO NMpu yBennuueHMn 
OTHOWEHYR = ANVHb! @HTEHHb! MPOUCXOAUT CYKEHNE KOPPENALWYOHHOU wv sHepreTMYeCcKOH AMarpamMM 
Hanpa@BNeHHOcTM WU OAHOBPEMEHHOe YBENUYeHKeE MOLUHOCTH U3NnyYeHUR. MOxXHO CReNaTb BbIBOA O TOM, HTO 
NPEANOKeHHbIE AvarpaMMb! YAOOHO VCNONb3O0BaTb ANA HAXOKACHKA ONTUMANbHbIX NADAMETPOB AHTEHH. 


lil. Saknioyvenne 


BbiNONHeHve aHanv3a HanpaBneHHbIX CBOMCTB aHTeHK ANA vanyyeHnA sBugeoumnynbcoB Yepe3 
paccmoTpeHve chopm nonei u3snyyeHur YpesBbINaiHO 3aTpYAHMTeNbHO. 

MpegnoxwKeHHbie SHeEpreTMYeCcKaA MW KOPpeNALWOHHaA AMarpaMMb! HaNpaBneHHocTu, KOTOpbIe 
NOnyYaroTcA U3 WV3MEPAEMbIX GAHHbIX, NOSBONAWT 3HAUUTENbHO YNPOCTHTb aHaNnVv3s HaNpaBNeHHbIxX CBOMCTB 
@HTEHH VU BHINONHMTb WX ONTHMM3aLIUtO B COOTBETCTBUU C MOCTaBNeHHbIMU Tpe6oBaHMAMN. 


IV. Cnucok nutepatyppt 


[1] uKcon P. UupoxorionocHbie cuctembl. - M.: Mup, 1981. - 381 c. 

[2] Ross G. A Time criteria for the disign wideband radiating elements // IEEE Trans. - 1968. - V. AP-16. - No. 5. - P. 355-356. 
[3] Xapmym X.@. Teopua cekBeHTHOro aHannsa: Teopua UW NpuMenennua. - M.: Mup, 1980 - 575 Cc. 

[4] Xapmym X.. HecuvycongarbHble BONHb! B pagvonokayuu uv paguoceaay // M.: Pago nu CBA3b, 1985, - 376 c. 

[5] Franceschetti G., Papas C.H. Pulsed antennas // IEEE Trans. - 1974. - V.AP-22. - No. 5.- P. 651-661. 


ANTENNAS FOR IMPULSE RADIATION. SPECIAL FEATURES 
OF THE PARAMETERS DETERMINATION 


lvashchuk V.E., Prokhorenko V.P. 
SRI RET “TBR”, 37 Pobedy Ave., Kiev-56, KPI-4020, Ukraine 


Primary antennas analysis is the experimental measurement of the parameters. If an antenna got pulse excitation, measurement of 
the input SWR (stand-wave ratio) is problemmatically and power dirrectivity pattern does not reflect accurately the direction of the 
antenna propeties. In this case the using of impulsive characteristics of antenna reflection ratio and radiation are proposed. For 
shape distortion radiation by direction consideration the using of intercorrelative directivity pattern is proposed. A comparison of the 
different antennas parameters is given. Analysis of the thin wire dipole antenna with Hauss-pulse excitation is made. 
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PucyHok |. MWopMa Novia nIaTyaeHVUs B IWIOCKOCTH TOHKO 
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a) L=3.5 m e) L=3.5™ 


PuicyHok 2. 3aBHiCMMOCTb HalipaBIeHHbIX CBOLCTB AaHTEHHBI OT ee JUIMHBI 
(a, B, 1 ~ HOPMMpoBaHHas KOppensAlMOHHad DMarpamMa HalipaBJIeHHOCTy; 
6, r, € - 9HepreTw4eckad JMarpaMMa HallpaBIeHHOCTH). 
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WIMPOKONOJOCHLIA = UEIEROM V3IVGATEb [UI 
NMHEMHOW AATEHHOW PRIIETKH = C DIMPOKHM 
CEKTOPOM CKAHMPOBAHHA. 


A.B.Eropwun, Doc HHP TH, 107066, 2.Mocxea, ya. Hoean Bacmannag, 20, 
men. 2603-98-24, 


ARHOTaLAN 


B nocnegHee BpeMs, B CBASH C WHTCHCMBHBIMH pa3spaOoTKaMH IUHPOKONOJOCHDIX aKTHBHbIX 
aHTenHbix pemerox (AAP), Sombiioe BHUuMaHUe yilenmerca UleeBbIM autTenHam Gerytlel Bonnet. B 
HanHokK paOore ONnMChIBACTCA LMPOKONMONOCHaAA @HTCHHA, BbINIOMHeNHAT Ha OCHOBE BOSTYUIHOL 
pacumpsoulelican uremesow sJmuvM. Pabouat nonoca YacTOT aAHTeHHbL COCTABAeT JBC OKTABBI. 
PaspaOoranbl w3nydarenu Tpex Awana3onos: 1-H Wuana3oH - oT 1.5 go 6.0 TT; 2-H auanma3on - oT 3.5 no 
14 (Pu; 3-H guanazon - or 5.5 no 22 Pu. Mccnenytorcs xapaxrepuerukn w3nyyatTens 2-ro AMata3ona 
Kak B CBOOOAHOM pocTpancTee, Tak 4 B COCTaBe MaKera 12-9neMeHTHOW AMHEHHON aHTeHHOH pelmerKu 
(IAP). Xopoume pMana3soHHble XapaKTepHCTMKH HBnyuaTesId B cocrase Maketa JIAP nosBonawrT 
MCHOUNb3OBaTb ero B AAP c uiMpoKuM CeKTOpOM CKaHHpoBaHHa 6e3 TOMOUHUTENBHEIX COPIACYHOLIAX 
yCTPOUCTB. 


Baenenue 


B iarepatype oluchiBaloTca caMble pasHoobpasHble WIicseBble AHTeCHHDS! Oeryiliie BOI! 
[1-3]. Kak npaBnno, W3rOTOBMALOT STH aHTeHHLI Ha JMOTeKTpMyecKOH NosuoOUKe MOCpe/ICTBOM 
doromutorpadun. birarofapx cBoumM HeOObUIMM pa3MepaM, OHM TpekpacHo coueTaoTesd ¢ 
HHTCrpabHbiMu cxemMamMu CBU-aznana3ona [4,5]. Kpome Toro, a3nyaatrenu 3Toro Tula BecbMa 
LIMPOKOMOJIOCHbI - M3BCCTHbI KOHCTpyKUMH, padouMi WHMana30H GacroT KOTOPbIX CocTaBIAeT 
HECKONbKO OKTAB [6,7]. 

Onnako THNMUHaT WupwNa JMarpaMMbt Hampapennocta VYIH) nmofoonbix anTcHH, 
peasM30BaHHbIX TO MHKPOMONOCKOBOH TexHolorMu, cocraBiaer puMepHo 30 rpaiycon mo 
ypopito -3nb u 50 rpanycon to yposmio -10ab {[]|. JlanHoe o6crosTelbcTBO cepbe3Ho 
OrPaHHIHBael CEKTOP CKAHMPOBaHHA LIMPOKONOSOCHbIX AHTCHHBbIX PelUeETOK, ACMOJIb3YIOUMX 
TaKHe 4AHTCHHDI B KAUeCTBe K3TyVaTeen. 

B TocLIHHPTH, 8B pamKax pabot no co3faHHIo MHOroNyueBOH akTuBHOH JIAP, 
pa3paooTaHb! W3.1ydaTell Ha OCHOBE BO3LYUHOM pacuinpsloletics UleneBOH IMHMM, y KOTOPbIX 
B IMIOCKOCIH CKaHMpoBanna Jysom wiupuna JIH mo ypoprio -34b npesannaer 55 rpaaycos Bo 
BCeM paobouem AMariasoHe YacToT. Pa3spa6oTaHbl W3yyaTelM Tpex WMara3z0noB: 1-H aMatia3on - 
oT 1.5 no 6.0 [Tuy 2-4 quana3on - or 3.5 no 14 Tuy; 3-4 amanas3on - ot 5.5 no 22 Tu. Hyoxe 
OyIVT IIpHBeHeHbl OKCMeCPpHMeHTAIbHbIe XapakTepHcCTukwY w3MNyyaTerA 2-ro jMana3zona, 
HOU vHeHHble Kak B CBOGOXHOM IlpoctpancrsBe, TaK MB COCTaBe MakeTa JIMHeMHOW anreHHol 
pemerku (IAP). 


KoncrpykKiiua anrennsl 


M3BecTHO, STO XapaKTepuHCTHKH V3IIYeHHA AHTeHHbI Geryuleli BONHbI B OCHOBHOM 
Olpenermorcs KOIPMHUMEHTOM 3aMejeHHA k = c/v da3s0BoH cKOpOcTH BOBOyKTeHHA V 0 
OTHOLIEHHIO K CKOpocTH cBeTa c. Tak, HalipHMep, Iipw u3MeHeHHM KoIpdunnenta or k = 1 Wo 
ONTHManbHoro 3HaueHHA Kop, oltpemememoro yculopvemM XaHceHa - ByyBopna, rmiaBHblt 
nenecrok JIH cyxaerca npHMepHo B 1.8 pa3a [8]. Hamune muameKxTpHdeckoH TOMNOKKA B 
WeneBoH aHTeHHe OeryuleH BONHbI NMPMBOAMT K YMeHbIICHHIO a30BoH cKOpocTH Vv 4H, 
clegoBaTesibHo, Kk cyxenuro JIH anrenupr. Cexrop ckanuposanna JIAP onpeyenserca ninpHHon 
JIH ee u3nyaateneh. Tlovromy, ¢ lWembio Rocrwaxenua Han6olee Golbmoro yrsoBoro ceKTopa 
cKaHapoBaHna, Obin pa3padoTaH WieyeBow M3irydatelib Oerymel BOTH He cosepKan 
AMICK TPHYECKHX NOWTOKEK, 

Ha puc.! moka3aHa KOHCTpyKiMa aHTeHHst. Koudurypaliva BHeMIHAX HM BHYTpeHHero 
JIPOBOMHHKOB TAaKOBa, YTO Ha ydactKe | obectieunBaeTca IWraBHadt TpancpopMauna KBa3u-T 
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BOJHIb] OT CYPYKTYPbI TOU CAMMETPHYHOH TlowocKOBOM JIMHMM K CTpyKType Moma wenresol 
nuuMn. Ha yaacrke usnyaenna L wenepad IMMA pacwinpsae4rcs sKCNOHEHUMANbHO Mo 3aKOHY 


Y eygxe 2 


me R = In( Z/Z), Zo - BonHoBoe conpotupnesne mpoctpancrpa, Z - BowHOBOe 
COMPOTHBIICHHEe CHMMeTpHIHON ronockoBow mH. IIpa BerGope tapametrpa R yantpipanucn 
CHEAYIOMIMC OOCTOATENbCTBA., 

B [1] ycranosneno, uro mmpnna JJM anresupl c aaneiino pacumpstomelics wenmbio BH - 


IOCKOCTH UponopunonanbHa 1 / wd ,aBE - mtockocTn nponopuvonansya 1/La,rge a - 
yron pacumpenua. Tosromy fis nomyyenHa 6olee wapoxoro riapnoro menectka IH 
KeIATEMbHO YMCHbUlaTb iany ob nactu w3aryxennsa LL. 

C gpyrol cropoubl, npa Mano uune L (napamerp R semmk) Bo3sHuKkaloT cepbesnpie 
TIpOOUeMb! COriacoBaHuA H3yIaTeyd C BHELIHAM NMpocTpaHcrBoM B WIMpoKoM AMamna3oHe 
yacroT. Tak Kak aHTeHHa pa3paGaTbIBalach CHeMMANbHO JIA HCMONb3OBAHHA B AaKTHBHOS 
nepemaromert JJAP, To ove BAKHbIM SBIITNOCh H Tpe6oBanne OGecneqeHHa HY3KOFO YPOBHA 
kovppunuetta cromich Bomnbl samprxenna (KCBH) no sxony. U3 Teopun u opaKxrakn 
SKCHOHCHLUMAIIbHbIX = BOUTHOBOUHbIX IMepeXOAOB H3BECTHO KOMIIPOMHCCHOE  pelilenue, 
OOCCHEYHBAIOLIIce YIOBNCTBOPHTCIFHOe COFlacoBaHHe BOSHOBOMOB pa3Horo mMmomeperHoro 
CCUCHHA TIpM WaHe tepexoya (0.7 - 1.O)Az,, rae Ayn - WIMHa BONHBI B BOTHOBONe. Oro 
pemenue (R= In€ Zo/Z) ) w Oppo uctiomb30Bano B HalueM eryaae. 

PaccTodHne MexLy HapyKHbIMH UPOBOLHAKaMH W UIMpHaa BHYTpeHHero NpoBoRHHKa 
mpi Tome 1.5 MM paccantbipanmch TakKHM o6Opa30m, aTo6nt CHMMETPHUHAA IOMOCKOBaa 
IMHMA CO CTOPOHb] BXO/fa @aHTeHHbI MMella BOUHOBOe coupoTuBenue Z, = 50 Om. Pa3zmep 
packpbiBa aNTeHHb! B E-NIIOCKOCTM PaBHANCd MONOBMHE TUIMHbI BOWHbI Ay Ha HMDKHeM yacroTe 
padovero AMana3ona. 

Tak Ke CileqyeT OTMETHTb HU3IKHH ypoReHb KpOcchouApH3alMOHHol CocTaBnaonlel NOs 
W3Ity4eHAA, 4UTO OOYCHOBIeEHO CHMMETPHYHbIM pacHONOKeHHEM HApPyXKHbIX TIPOBOHAKOB 
OTHOCHTCIIbHO BHYyTpeHHero mpopoguHKa [2]. Dro cnocoOcTByer yMerbiUueHMIOo B3AaHMHOTO 
BIMTHHA “3 y4aTeneH B cocraBe JIAP. 


PesyibTatb! 3kcnepuMentTa 


Ha puc.2 npencrapiiena H3MepeHHad YacTOTHad 3aBucuMocTh KCBH u30mmpopannoro 
u3iyuarena. BughHo, 4TO B 9TOM Ciyyae B TOMOce YacTOT WpeBbwualowel ABE OKTAaBbI 
MaKCHMasibHoe 3HayeHHe KCBH menee 1.85. 

‘Tam xe HaHbi Kpuspie KCBH xapaktepuple Jura NenTpanbHbIX WM KpaliHHx w3nyuateneit 
JIAP, cocroanelt w3 12-14 ouemenros. Lar pemerka papnanca 12MM, 4TO cOooTBeTCTBYyeT 
NOJOBMHE TIMHbI BONHI Ay Ha BepxHel 4acrore pabovero WHana3ona. B npotecce u3mepenna 
WaHHbIX XapaKTepHCTHK, BCe He3aleHCTBOBaHHble u3rysaremm JIAP 6pum nonKmoueHbl K 
COracOBaHHbIM Harpy3Kam,. | 

Kak BayHO M3 TpaduKa, KCBH wa3nyuateneit, pacnowoxenHbix B UeHTpaybHol wacTu 
JIAP, He Dpesbnuaert 2.3, 1TO MO3BOACT HCHOUIb3OBATS MX B KayecTRE Harpy3KH TRepHOTeNbHbIX 
ycumutTeneH akrupnol JIAP 6e3 MonomHuTembHbIx cormacyromlMx weneit. Cornacopanve 
Kpavinnx usiyuarenei ¢ 50-Ta OMHbIM PHTeEpOM OKa3bIBaelcaA XYKE - MAKCHMAIbHOe 3HayeHHeE 
KCBH 8 paGogeli nNomoce yacroT papHsetca 3.5. Sto BbIBBaHO pa3MOHIMM B YCHOBMAX 
Pa3sMellicHHA UWCHTpasibHbIX M KpawHHMx w3ilyyaTene HM HeoOXOkHMO Y4MTbIBATh TIpH 
mpoekTuposannn akTMBHon JIAP. Ecnm ectb BO3MOXHOCTh yBemMueHua rabapHToB, To 
AKCVATCIDHO Pa3MeCCTHTb WOMOUHUTEIbHO 0 3 - 4 TaccHBHbIX H31y4aTels, IpMcoemMHeHHbIx K 
COlIaCOBAHHbIM Hatpy3kaM, PAJOM C KpaHHMMM M3ryaareiamn axTHBHoH JIAP. Kpome toro, 
nyuuiee corlacoBanwe KpaWHAx w3slyuaTenei pellerKH MOX%KHO oOeciteuHTh BBEMeHHeM 
HONONHHTeNbHOrO Mormonjenaa CBY guepruu. lip srom, KOHeYHO, yMeHbIIaeTCA 3HaYeHHMeE 
Kos@ulmenta ycunenus (KY) JIAP, Ho yMenbiuaerca u ypoBeHb 6boKoBbIx JenectTKoB J[H, 
BBUARY CHaMarOulero AMMIMTYAHOLO paclipeeseHua B PACKPbIBE. 
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Ha pue.3 foKka3aHa W3MepeHHad 3aBMCcUMOCTS KY w30nMpoBaHHOTO W3TyYarcia OT 
YacTOTbi. A3sMepeHhs BHINOJHAIMCh MCTOJIOM CpaBHeHHs C ITABOHHOM pynopHokt anTeHHoln. 

JWH yw3imyrarens B cBo6OonqHoM mpocrpancipe B E wn H miockocrsax, w3mMepeHHble Ha 
yuacroTax 40Tu, 8PM a 12PTu, mpegcrapnerpr va puc.4 - 6. B H-isockoctu wapwna JTH no 
YPOBHIO TOJOBHHHOW MOLIHOCTH u3MeHseTca OF 145° Ha HaKHeM yacroTe lo 60° Ha BepxHer 
yacroTe jWwatia3oHa, a B E-nilockocru, cooTsetcrseHHo, or 75° go 55°. Takum o6pa30m, 
paspadoTaHHbid u3siydaterb wMeer /JH tmprna koropol no ypospnro -30b AaKe B 
BhICOKOUACTOTHOH YacTH paooyero WMana30Ha MOUTH B BA paza MpeRpiuael THOMYHYW JUL 
STOYO THMa aWTeHH BeEIWUMRY. 

Ha puc.7 - 9 npusonatca JIH w3nysatena B CocTape Makera 12 - snemenTHOH JIAP. 
BHAHO, UTO HB 3TOM Cilygae He CMOTD# Ha 3HAUUTeNDAbIC H3MCHCHHA (OPMbI MO CPaBHEHHIO co 
cBOOOyHbIM WpoctpancTsoM, JIH u3zyaatena B DocKocTH cKanMpoRanasa (H-rsrockoctTb) 
OcTaeTca HIMpoKoH (io ypopnto -305 ne Menee 60°). [lo noRsTHDIM NpHAnHaM B E-rnfockoeTn 
dopma JIH noun He U3McHHIach. 


Jakmoywenne 


AOPOMHe AanasOuNbic XapakTepHCTHKH W3stydaTena B CoctaBe Maxeta JIAP ( KCBH 
MeHee 2.3 H wiupHHa JIH to ypoBHio NOuOBUHHOM MONHOCTH B MIOCKOCTH CKaHMpoBaHud He 
MeHee 60 yFIOBbIX rpaycoB) HO3BONAIOT UCHONbIOBATb ero B akTHBHEIX JIAP c nmpoKum 
CEKTOPOM CKARUpPOBAHHA 6€3 OMOUHMTCNbHBIX COMIACYIOWIMX YCTpovcts. 
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BROADBAND SLOT LINE RADIATOR FOR WIDE-SCAN LINEAR ARRAYS 


Egorkin A.V. 
State Central Research Radiotechnical Institute 
20 Novaya Basmannaya St., Moscow-107066, Russia 
fel. 263-98-24 


Compact broadband slot line radiator has been considered and developed in air tapered slot line configuration. The antenna covers 
a frequency band of almost two octaves. Radiators for three frequency bands have been built: the 1-st band covers frequency from 
1.5 to 6.0 GHz, the 2-nd band covers frequency from 3.5 to 14 GHz, the 3-d band covers frequency from 5.5 to 22 GHz. Various 
parameters of the 2-nd band antenna and its design are described in detail. Experimental measurements of gain are presented. 
Experimental results are described showing VSWR and typical radiation patterns for isolated array-element behaviour and for 
behaviour in short, linear arrays. The radiator which is been built into the linear array exhibits extremely good characteristics 
(VSWR is lower than 2.2 and radiation pattern width on half power level is not less than 60 degrees). This is important for active 


wide-scan linear arrays. 


Marepniaant 6-1 Memaynaponnolt Agamcnot Maxponoauonol Aaudepernn AewrHaeRo G6. 16-19 cewra6pa 1996 r., Cesacronoan, Kppim, Yxpanna 
224 Proceedings of 6th International @eemean *Aecrowave (onference Cre ¢Za'96. 16-19 September 1996, Sevastopol, Crimea, Ukraine 








~ 
Me 


foo, HADV RDS TD OB OR 





ee BHP TPCHEEIE Dp OBOTATE 


2 Pre. Konerpyripen amrenunt. 
en HS OAKDO AHHH HSA. 

KCBH +i HCHTPAAbHBIA Han. 
3.014% ————-_ KO @AHMA Hoi. 

1 
2.5 " 

iL 
2.6. 





ie aH rf 4 “a TENOR C coerce ee 
1.5 : U vi I a Oy if Aa f 
| air’ 


SRE accra? Ty 


Pre.2 Sapnecemocrs KCBH or vacrornt. 
KY [ab] 





6 7 6 § 10 11213 14 Tu 


Pre.3 Sapnenmoctrs KY ot aacrors. 


Marepuaant 6-4 Mexaynapoauol Reamcnoit *axposoanosol Koucepenuun RewHaRe G6. 16-19 cewen6pn 1996 r., Cenacronoan, Kppim, Y«panna 2 ? 5 
Proceedings of 6th International Gecmean *Hecrowave Conference CrerMila'G6. 16-19 September 1996, Sevastopol, Crimea, Ukraine 


226 














90-60 30.0 #430 +60 +90 
Puc. 4 TH wiomponannore 
mysatena ({=4.01 Tn) 





-30 fh #30 +60 +928 


Pue.6 JH ssomporannore 
mevuarena (f=12.00To) 


Pre. § JH waayaarema JIAP 
(f=8.0°Tn) 











99 -60 30 0 +30 460 +90 
Pue.5 JH wrompornannere 
msayuarerm (f=8.00T a 





90 330 360 390 
Pre.? UH aemysarema JIAP 
(f=4.00T a) 


90-60 3000 
Pue.9 JH ssmyaarena JIAP 
(f=12.0TTw 


Marepuaant 6-i% Meaaynapoguoli Keamexoit Maxponoanonoli Kenhepenyswn ReerHaRo'G96. 16-19 centabpa 1996 r., Cenacronoar, Kpoim, Yepauna 
Proceedings of 6th International @ramean “*Hecrowave Conference Crér{Za'G96. 16-19 September 1996, Sevastopol, Crimea, Ukraine 











TIPO PAMMA PACYETA HAPAMETPOB 9KBH JMCTAHTHOM 
JMHEAHOW AHTEHHOM PEWIETEH., 


A.B.Eropxun, C.1O. Macnos, PocL]HHPTH, 107066, 2.Mocxea, ya. Hoeas 
Bacmaniuas, 20, mer.263-98-24. 


ANHOTalHa 


B soKitaye onncerBaetcs arOpHtM MH GOroOK-cxema MPOrpamMMb! pacuera SKBHJMCTaNTHON JIMHeHHOH 
anTeHHOK pemeTKH (JEAP), co3sBonsioufeit paccuuTbiBaTh ee Auarpammy Hatpapnenuoctu UTM) x 
KOapPPuLMeHT Hanpapnewyoro pgelicrsua (KH)  npu pasnavapx QMIVIMNTYIHbIX U Pa3soBbx 
pacnpenenenuax BoO3OyKAeHHs K3iyaaTenel peulerku, BKTiIONad cIryualinEe OWNG6KU Cc Dayccoppim 
pacnpejlenennem, 

OTIH4HeM NpOrpaMMbl ABIACTCA BOSMOXHOCTL pazIMUHOrE 3anaHna JH M3ILYYATCILT PCWICTKE - B 
BAKE THHOTCTANCCKOO W3OTPONHOTO M3IYYATCMA; H3BECTHOW aTNpPOKCHMaUMH B BH)Ie CTeneHH cutyea; 
THOO BBEHCHHOH MO TOUKAM WIM HApPHCOBAHHOH ¢ MOMOL{bIO MbILIM Ha IKpaHe DuCrUTED rpabyxka. 
Tlocneguue cnoco6pl mosnosiator nonyynTb pacuerayto JIH JIAP npu pa3znmaneix yrmax CKAHHPOBaHMA 
Ha OcHOBe u3MepeHHon JIH onMHOUHOrO WSnyyaTeNs B COCTABe PELIETKH, ITO 3HANMTENbHO COKpainaer 
OObEM AHTCHHBIX H3MepeHHii. 

Tloxa3aHo xopomee cosnayenue pacuerHbix WM 3KCTepUMeHTAasIbHO H3MePeHHbIX WapaMeTpos 
MaxeTa |2-snemenTHoH JIAP. Ormeuatworcs MaKCHMaJIbHbIe yAOOCTRA LI MOmp30BaTels nporpamMMht. 


Baegeune 


/lia aTTecTalM AHTeHHDIX PCIUCTOK HCHOIb3YIOTCA, B OCHOBHOM, Te 2Ke XapaKTepvicTUKH, 
STO HM AWA OTHeNbHbIX anTenHH - JLH, KHJI a up. Tak kak yrnoBble pa3mMepbi cekTopa 
CKARMPOBAHHA AHTCHHBIX PCHICTOK BO MHOFO pa3 IipeBbuualoT WiMpMHy MiaBHoro yerectKa J]H, 
W3MCPpCHUA CLEMYCT BHINOUHATh WI BCEX MOUOKCHHH Kyya. Kpome Toro, HMeeT MecTO cllomKHAA 
HACTOTHAd 3ABHMCHMOCTb TapaMeTpos (B TepByK) O4epedb 9TO KacaeTCd UMpPOKOLONOCHBIX 
AHTCHHDIX PeMICTOK), YTO TpeSyeT ysemuuenna u 6e3 Toro orpomHoro oGbema H3MepeHnit, 
Iipupeyenubie B [1] oeHKH noKa3blBaroT, 4TO, Kak MmpaBHo, A3MepeHHsa XapakTepHCTHK 
AHTCHHBIX PCLUCTOK B TOAHOM OObeME HepealbHbl WH TpebyloTca cpescTBa, MOIBOTMIOIUHe pesKo 
COKPaTHTb OO beM U3MeEpeHHit. | 

B YoclIHHPTH B pamKax pa6or no co3qaHmo MHoromyaeBol aKxTasuoit JIAP, 
paspadOotana mporpamma pacuera JIAP, no3Bpousiomat c morycrumoit jus MpakTHKK 
TIOTPCluHOCTbIO =O PE3YIbTaTaM M3MepeHHH Napywanpyex JIH u3nyyareneli onenntp 
xapaktTepnernku JIAP. 

Iipu paspaborke mporpamMMb! pacieta xapaxteprcruk JIAP oco60e BHAMaHHe YACHALOCh 
rpeOonanmio oOecreyeHis MaKCMMabHbIX yqo6cTB IA Monb30BaTena. Boe Heobxomumble 
AAHHbIe [WIA pacteTa TporpaMMa 3aripalllMBaer, MpHIemM OT MOUb30BaTeNA TpebyloTcs 3HAHHS B 
OOacTH AHTeHHOM TeXHHKM IIb Ha ypOBHe OCHOBHBIX NOHATHIL, [[porpaMMa HanMcana Ha 
a3bike PASCAL. 


os 


Onncanne nporpamont 


Tlosie M3ny4eHHs aHTeHHO pelllerTKA, BCe 3JIeEMeHTb! KOTOpOH BO3byKeHbI, MOXKHO 
OHpCHeCMHTh TOCPCHCIBOM CYIepvo3vitMu, CYMMUpys NapnuasbHpie JIH Kaxmoro siemenra c 
KOIPPUIMCHTAMM, KOTOPble YIMTLIBAIOT (ba3bi M AMILIMTYALI BO3OYKACHMA IIEMeCHTOB. Crporo 
ropops, /[H usrysareisa B pelieTke He sBAAeTCH OAHOH H TOM 2Ce WH BCeX 3NEMeHTOB , TaK Kak y 
HUX (ocobeHHO y KpaiiHux) pasate ycnoBua pasMellieHna. Ogwnako B cysae aHTeHHDIXx 
PelleTOK OOUbIIMX pasMepoB CyYMMHpOBaHHe OObISHO NpoM3BonMTca 6e3 yueTa pasa JTH 
usnyyateien, YTO He MpHBOAMT K 3aMeTHEIM ommMG6Kam. Toraa JIH oxpunucrantnot JIAP 
ONAChIBAETCA CIELYIOULMM COOTHOWMeHHEM: 
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1 N | 
P (6.9) = fl 0,0) x SA, expliknd cos(@)—-ia . (1) 
n=l 


rie WPHBATHI cHeyioutme obosHaueHUA: F(O,p) vw f(0,o) - JH pemerka w w3myyarels 
coorpercrpeHHo; An HW Oy - KoodMIneHTH! aMTUINTy_HOrO WM a3zoporo pactipellenenns 
Bo3s6yxneHia; k=27\X - BOMNHOBOe BUCO; n - HOMep M3ryuaTens; N - KoMMMeCcTBO M3IyraTeneH; 
d- repHofl pelerKu. 

Oro BbIPAKeHHe, ONMCHIBAIOLICE PasIM4Hble pexaMb! paboTh! auTeHHON peuleTKH, M4 ObLTO 
HCHONbIOBAHO JI pacuera xapaktreprceTuK JIAP. 

Cuenyer oco6o oTMelutTh, 3TO ecm B dopmyne (1) ncnonp3oBaTb NapuManpuyro JTH 
u3nysatena f(8,9), w3mMepeHHyio pH ero Bo3OyKMeHHMH KOra OCTAlibHble dIICMeHTDI 
IIpHCOCIMHeHbI K COracoBaHHbIM Harpy3KaM, TO pH pacuere F(Q,p) Oyayr yuTeHbt Bee 
apex Thl BIAMMHOLO BINAHHA JICMCHTOB PeLeTKH (2). 

HuoK-cxemMa IIporpaMMb! peycrapyena Ha puc.1, Yacre mporpamMbl, obecricunBajoniad 
BBO]L HEOOXOTMMbIX AIA pacueTa JAHHbIX, YCHOBHO MO2KCT ObITh IpewCTaBNena B BHje Tpex 
OFOKOB. 

B 6n0Ke “Ceomerpya ” 3anpauinBaectcs KOMMUECTBO BNeMeHTOB peiteTKH (N), paccrosHue 
Mexuty HMy (d) 4 dma BosHb! (A) Ha KOTOpOL TpebycTcaA BhITOHHNTh pacuer. 

B 6noxe “Usnyratenb” THONb3OBAaTeIO TIpPeACTaBAAeTCA TPH BO3MOKHOCTH. 


i. B xanectse snementa JIAP mMookHo BbIOpaTh rulioTeTMueckHil HeHalrpaBleHHbl 
wairydarenb. Tora mporpaMMa paccunTbiBaeT flapaMerpb! MHOKMTCHA PellleTKH. 

2. MomHo 3anatp umpuny J[H w3ryuarera ro ypoBHiO TONOBHHHOM Mouocrm AQ 
Ap. Tora nporpamMa cama ammpokcumupyer JTH snementa (8,0) mo dopmyse, NomyuesHon 
IMNUPWIECKH: 


f(0,9)=sin™ Ox sin" o Q) 


rie: m=4.0/AQ2 vw n=4,0/Aq’. 


AHasIOrMUHble aiipOKCUMAllMM WINPOKO ACHOUb3ylOoTCa TPM aHaNaTH4eCKOM OTMcanu 
IH cra6onanpaByienHbix aHTCHH, KAKOBbIMH, KaK [paBHno, KM ABIMIOTCH w3TyuaTeuMn 
JIAP. Bo3sukaionme mpl 3TOM Norpelltocin He MpeppnuaroT 15%. 

3. MooxHo BBeECTH MO TOUKaM WIM HapHCOBaTb MbILIbIO Ha 3IKpane WACIeA peallbHyto, 
W3MepeHHylo KakHM-3H60 cnocobom, JH wanydarena, Ecsin, Kak OTMe4alloch Bb, A3MepATb 
JH usrysarena B cocrape JIAP, korfia Bce OCTaJIbHbie ee W3yTATeMM NOMKINOUCHbI K 
cormacoBaHHbIM Harpy3KkaM, To 6ykyr yatTenb! sPekTb! B3IaMMHOrO BIAAHMA WM pW BRBOTE 
Takoli napiManbHolt JH aementa mporpamMMa paccunTaer KOIPPHUMCHT YCHIICHUA MOTHOCTbIO 
Bo30yuneHHon JIAP B mo6om HallpaBileHHy CkaHMpoBaHng, 

B 6noxe “AmmnmTyguo-da30Bnoe pacripenenenuce” (ADP) Nomb30BpaTenb MOxeT 
BhIOpAaTb CHELYIOWMEe BAPHAHTHI AMIMVINTYANbIX paciipeneneHun: 

|. PapnomepxHoe, T.c. amnuuTyiet ToKop An Bo Bcex gyementax JIAP papypr (An=I, 
n=]...N). 


2. MoxHo BBecTH c KiaBHatypb! moGoe UNTepecyroluee NOUWb3IORATENA pachipemesienue 
(1porpaMMa. 3alipalmuBaer 3Hagenua AN AI BCeX 9IIEMCHTOB pellicTKH). 

3. Ha ppi6pannoe aMmiInryaHoe paciipeyenenne MOXKHO HANOKUTh CyIaHHble OLUMOKH, C 
paciipenenenvem mo 3axouy Taycca. B 9TOM cilyyae Npeanonaraerca, YTO MWMeeT MeCTO 
CTaUMOHapHbI ciysraltupl mpowecc C HYNeBbIM Cpe{HHM 3Ha4CHHeM A MOMb3O0BAaTEIIh 3aaeT 
BeEHHIAHY CTaHLapTHOTO OTKIIOHECHHA. 

AHaOTn4Ho HW JUIA asoBoro pachipeleuweHHA MOKHO BHIOpATh CHeMYIOWIMe BAPHAHTH!: 
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|. Jlmnetnoe da3zonoe pacnpeyenenue. B strom citysae porpamMMa 3ampaLiumpaer 
TpeOyembie yr) Haxsona J[H peulerku K MOCKOCTH aNlepTyppt, 

2. MoxHo c KaBHaTypbI BBECTY JHOOoe 3HadeHHe (ba3zb! A, JIA WOGOro aNementa JIAP. 

3. Ha pbl6pannoe da30B0e pacriperenenne MOKHO HaoxUTD cryyannble da3zoBpble 
OLUMOKH, C pactipeemeHHem no 3aKony Taycea. 

Kooppunuuent Hanpanicnnoro jeticrana D(6,9) paccauTbIBacTca B COOTBETCTBUNM C 
onpeleeniem 10 popMyme: 


| An F* (0, 
D(0,0) = AE EQ) ‘s 


{ [F°(6,0)sin@d dg 
0 0 


PesyiIbTaTb! pacdeToR MporpaMMa NO3BOIACT 3arcaTh B Palin, pacnhedataTb Ha NpHHTepe 
WIA BhIBeECTH Ha 9Kpan Jmcrnies. Creayer ormeTuTh, 4ro rpadux AH MookHo BbIBeECTH B 
MO6OM YIHOBOM CeKTOpe (TlOJIb30BATEIb CAM 3ajlaeT TPaHHllb! cekTopa). 


Pe3y RbTATbI pacueTos H IKcHepHMenTAa 


Ha puc.2 npescrasnenbr JH u3nyrarena AP, a3mepentibie B CBOGOHOM IipocTpaHcTse, B 
cocrape MaketTa 12-3nemenTHoH JIAP uw annmpoxkcumMauma mo dopmyne (2). Buano, uro 
HCNOUb3YeCMAL ANMIPOKCHMAMMA WOCTaTOUHO XOpoulo onviceiBaer JTH usnrysaresa B CBOOOHHOM 
MpoctpancrTse. 

Jina pacueta JH JIAP sppogunach B TabimmuHoM Baye (io Toukam) JIH u3snyyaress, 
H3MepcHHas B CcocTaBe MakeTa. PaccanTpipasica Takoxe BapHwant, Korga 3ta JIH w3nysatena 
aMMpOKcHMMpOBaHach 10 Mopmysie (2). MasoBoe paciipenerenne BOIOyKHeEHUA BBOAMIOCh B 
TAOJHAHOM BAe TO pexsyiIbTaTaM H3MepenHi. PesyipTarbl pacsera MpescTaBsenbi Ha pHe.3, rye 
TakoKe nmoka3sawa wamMepenHad JIH maxeta JIAP. BumHo, aro 3aMeTHbIe pacxounenua 
TEOPETHYECKHX WM IKCHCPHMCHTAIbHbIX PC3YIbTATOR HAOMNOMAIOTCH HHNIb B OONACTH BTOPbIX 
COKOBDIX JICMECTKOB. 


Jakoqwenne 


Pa3spaboTaHHas nporpamMMa pacyera napamerpos JIAP ¢ AocraTouHO Aa NpakTHKH 
TOUHOCTLIO ONMCchIBAcCT XADAKTePHCTHKK AHTCHHOW peilierKH MW MO3BOUIMeT CYLIECTBEHHO 
COKpaTHTb OObeM M3MepeHHi, HeOOxXOAUMbIM Wa ee atrecraumn. JlanHyio IporpaMMy MOoKHO 
a(bekTHBHO MCNONb30BAaTH Ha cranMu paspadootKeH JIAP. 
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CPABHEHHE PE3OHAHCHBIX CBOMCTB Y3KMX 
IEE B BOJHOBOJIAX - HOJIOM, HATPYKEHHOM 
TPEBEHKON WIM CIOMCTBIM J[M3JIEKTPHKOM 


Auyr dJII.*, Fop6au YU.B.**, Huponxuna A.B.*, Kampuu B.A* 
*XapbKoBckui rocyHnusepenuret, 310077, XappKos, ni. Cpodognpl, 4, Yepanna 


**HITO “Catypr”, 252680, TCII, Kuen - 148, np. 50-nerua Oxradpa, 25, Yxpanna 
AHHOTAIMS | 


UccnenyiotcH 3aKOHOMEPHOCTM USMCHEHMA = OJIeEKTpM4eCKOM AVJIMHbI 
PpesOHaHCHbIX Ilesew B 38aBMCMMOCTM OT pAa TreomMeTpuyeckux TapaMeTpoB 
Me xXapaKkTepa CBASbIBaeMbIX IIeJbIO dJIEKTpOsMHaMMUeCKUX  OObEMOB. 
IlonytHo paccmMaTpMBaloTcCH fMalasoHHbie CBOMCTBa elew MU yYypoBHU 
llepegzaBaeMow B CMe*KHbIM OObeEM MOIIHOCTM Ha pe30HaHCHOM uacToTe. 


I. BBE EHUE 


B anTeHHOM TexXHuKe u TexHvuKe CBU immpoko yucnombsyrwoTca yskue 
pesoHaHcHbie Wei B BOJIHOBOZaxX pa3sHoro Tuna. B oTamuue oT BMOpaTopa , 
iMHa pesoHaHcHOM weiM MoxeT ObITD He TOJIbKO MeHbIUUe, HO U OouDbite 
NOJIOBMHbI JIMHbI BONHbI Hanwune “yKopogenna”, "yauIMHeHUA” vn 
OTCYTCTBMe€ TaKOBbIX 3ABMCMT OT CTpyKTypbI oma B  oOmacTu wWieum, 
olpenweisemow Ha aHHOM uwacToTe xapaKTepOM CBASbIBaCMBIX  e€10 
aIeKTPOAMHAaMMUdeckux oObeMOB. HacTosuyee coobijeHve IlOCBALIEHO 
BbIACHeHMIO OOLNMX M YaCTHBIX 38aKOHOMepHOCTeM NoBeweHMUA 9eKTpMuecKoN 
AJIMHbI pesoHaHCHOM wlelmM Ww ee WManlasoHHbIX CBOMCTB B  JIPAMOYFOJIbHbIXx 
BOJHOBOZaX ~ TIOJIOM, HAarpy2XCHHOM YTpebeH4aTOM B3aMeIAIOWIeM cTpyKTypon, a 
TakoKe cuIoMcTbIM MoneKTpuKom. UccneqoBpanue mpopeyeHo Ha oOcHOBaHHM 
pelieHia 3afau pacceHHMA BONH OCHOBHOTO TUIla Ha _ IleJIeBbIxX 
HeofsHopoyHocTax. B KauecTBe KpMTepvuA pesoHaHca BbIOpaHO Takoe ycJIOBMe: 


arg [,, =0,rage I, - xKoscbcdbunuentT mpoxosxeHMA BOJHbI NO BOJHOBORY 3a 
ejb , YTO COOTBETCTByYeT OTCYTCTBMIO cCABMTa cba3sbl mpomenmet Bon. B 


WatbHeMuieM MCHONIbSyIOTCA TakMe oOosHayeHMA : L - gqamMHa mem, A - 
qJMHa BOJIHbI B cBOOOTHOM =mpocTpaHcTBe , MHyeKc “p” oOo3HayuaeT - 


ws > 2 
“pesoHaHcHDm” , I, - Koodduiyentr orpaxenua , IS; | - Koacdcdunnent 


W3IyueHNA Welw WIM MONA MOljHOCTM , WepewqaBpaemMom elO B CMe?KHbIN 
oO6bemM , X,~ cMeljeHMe ocu WeNM OT y3kKOM CTeHKM . 


Hi. OCHOBHAH YACTb 


BruaagwqKOM BON HOBOQeE “yaAnMHeHMio” wer cnocoOcTByIT 


yBemmueHue eé€ reomMeTpwyueckoi aAnMHbI , <rcpvoOsmxKeHMve K He 
MeTaJIIMGeCKMUX oKpaHoB (HMKHeEM uM OoKOBOM cTeHOK BoHOBOAa). Kopotkue 
jem WMeIT TeHyeHuMi0 “yKopaumpaTacn”. “YanMHeHue” u “yKopoyeHne “ 


HapacTaioT c yBelMyeHveM wiMpyvHEr wenn. Tak, Hanmpumep, WocTaTouHO 
3aMe€THO Y)JIMHAIOTCA TipoyouHbIe wenn pvNwHOK L= 20 mm (L /A,=0.7) , 


paciiojosKeHHbIe ocTaTouHO Omu3sKo (xX,= 2.5MM) K y3KoM CTeHKe BOJHOBOA 


ceyenvem 23x5 mm. ITZlenn ynnunow L=13mm B BonHOBOZe ceuyeHuem 23x 10 
MM ykopaumpatotca . Mono nogobpaTh Takylo QviMHy we ( Hallpumep, 
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L=16mM B BonHOBOZe 23x10 mm ), mpm KoTopon L / A, ~0.5 HesaBvucumo oT 


LUM PVHbI mem. HakgoHHble wrenmM 1WMpoKonowocHee TIpowOJIbHbIx. B 
OJHOMOZOBOM peoKnume HIMpOKONONOCHOCTh HapacTaeT Cc YyMeHbINeHMemM 
BbICOTbI BoHOBOAa. Ilemm , wanyyawue B cBoboxyHOe mpocTpaHcTBo , 


IUMpokonoyiocHee , uYeM TIpM cCBA38M AByxX BOJHOBOLOB . Hanwane skpaHoB vu 
ONM30CTh MX PachONOHKeHVA K WEN OKasbipaeT BIIMAHMe M Ha 3aKOHOMepHOCTD 


: 
M3MeHeEHMA UIMpHbI osiochr AA/A, mo yposno 0.5 IS.| mx . B cyydae 


UBIyueHuA WuewM B cBObOTHOe pocTpancTBo MW TpM cCBAH3SM BOJIHOBOJOB 
ceyenvem 23x10 MM c yBeMYeHYeM WIMpMHbI wen id 3aBucumocTu 


2 
IS; | (A) pactiupmotca Tem Gombe , 4eM Janbiie pacnonomeHa WeNb oT 


y3KoM cTeHKM. Ecuu xe Lieb CBAS3bIBaeT BONHOBOAbI ceyenuem 23 x 5 mM 
Me pacnojoxena BOmMsM yskoMm cTeHKM (xX,=2.5 mm ), To saBucMmocTM 


Sf ( A) upu  ysemmuenvm d, xaobopot, cyxaiorca. Tax, m0 yposno 0.5 


2 w o 
S| mx IIMpMHa UacTOTHbIX xapaKTepucTuK AA/ A, ANA Weneit NIMHOM 


L=20mm u umpunoi d=0.1,1,1.5 u 4 mm coctapaaetT coorseTcTBeHHO 12%, 
11%, 83% nu 8% . Ysenmuenve ray6unpr wer ( TomuMHEI cTeHKM 
BOHOBOMa t ) cMelijaeT oOeKTpM4eCcKyIO JIMHY pesoHaHcHOM mem B 
cTOpoHy 38HaueHvA 0.5 Tem ocpbcbekTuBHee, 4eM yoKe Web. Syecb BarKHY10 


poJIb urpaeT Napametp d/t,4emM oH MeHbINe , Tem 6auxe L/ A, mpm 


BcexX TIpouux paBHbIxX yCJIOBMAX K sHa¥eHMIO 0.5. Ilostomy em yrxe 
ejb , TEM Ooylee BaxKHY!IO pOJIb MTpaeT pM pacueTe e& sHepreTMuecKux 
mapaMeTpoB yueT TOJUMHbI CTeHKM BoHOBOWa. Tak , mpu cBA3sM 7BYXx 
MUAeCHTUYHbIX  BOJIHOBOZOB ceyeHvem 235 MM itlenbio AuuMHom 20 mM 4x 


limMpuHow 0.1 MM pacueTHoe sHaueHvMe 4, B npHOnmxKeHMM GecKoHedHO 


TOHKOM CTeCHKM BOJHOBOZa paBHo 27.9 MM, 1pm yueTe TomuMHbI cTrenKu t=1 
MM A,= 363mm. B cnyuae, Korga d=4 mM, pacuerHpie sHaueHua A, B 9TUX 
IIPMONWMKEHUAX COOTBETCTECHHO paBHEI 25.8 mu 26.7mm . Yuer oco6eHHocTH 


Ha peOpe cyBuraeT pesoHaHCHYyIO YacTOTy Wem ropasyqo MeHbIIe , 4weM 
yueT TOMMMHbI CTCHKM BOJIHOBOTAa 


gamMeTMuM, 4TO ycenoBue L / A, = 0.5 o6o03HauaeT, TO A,=2L , wom 


pesoHaHcHaa ]JIMHa BOJHbI paBHa KpuTMuecKow MHe sBonHbt H,, B 


BOJIHOBOZEe, o6pa30BaHHOM TIOMOCTbIO §=6eM. Bosee BbIcOKOUaCTOTHBIEe 
pesoHaHCbhl COOTBeETCTBYIOT KpuTMYecKuM uacToTamM sBolH Tuna H,,,H,, u 
TO. EKnme pas mogquepKHem , 4TO STO clIipaBenmmuBo upu d/t << 1. 


YkKasaHHaA SaKOHOMePHOCTh MNpoABIAeTCH M IPM NONHOM WIM YaCTM4HOM 
B3aNOJIHEHMM eM WieneKTpukom. PesonaHcHbie JJIMHbI BONH JJIA TaKMXx Ween 
MO9KHO TpvOMeKeHHO HaMTM Kak KpNTW4eCcKMe ANMHbI BOJIH TMMOB LE, B 
BOJHOBOAaX, UJEHTMYHIX WenAM. I[pucytcTBue AMuoTeKTpuKa B eM yMeHbLIaeT 
ee pesoHaHCHylO YacTOTy M cy2KaeT YaCTOTHbIe KapakKTepUcTMKM. 

lem B BORMHOBOMeE c rpeGbeH4UaTON 8BamMeRunaAwimue hi 
cTpykKTy pon oONagaeT Takumu cBOoicTBamMu. B cayyae rycrou rpebeHKu 
(epMoyx MHOTO MeHbLIe JJIMHbI BOJIHbI) UX MO2%KHO paccMaTPMBaTb Kak LIeJIM B 
BONHOBOTe C AaHM30TPONHOM MMeyaHcHom ctTenKow. IlocnenHAA uMuTMpyeT 
rpanMily rpeOeHku Mu wmpoctpancTBa B3avmoyelicrsua. PasmMepbi  o9Toro 
BOJHOBOAa cOBMayajoT Cc pasmMepaMuM pocTpaHcTBa B3aMMOyeMCTBMA Hay 
rpe6enxon. B cpengHel uacTu Nonochl npomycKaHua, Te saMeyJIeHMe HeBeJINKO, 
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geKTpouMHaMuyecKkMe XapakTepvcTMKM Wert B MMiesaHcHOM BOJHOBOTe 
mpakTMuecKH He OTMMUAIOTCH OT TaKOBbIX B TylaqKOM BONHOBOAe Cc TeMM 3Ke 
pasmepamu. JIIpu Oompmmx samMeqienuax , npeycTapimomux Handout 
WUHTepec, BOSHUKAIOT ocomHeHMA Takoro poga. Korga pammna mem Lu yanna 
BAMeJICHHO! BOHbI Ag CBA3aHbI cooTHoIleHvem L=3/,/2 , web cTaHoBNTcA 
WpakTuyecki He wVeJyuaroiljel, mMocKombKy ee BHYTPeHHAA aKTMBHaA 
mpopoyumocTs gt = gf!) o6pamaetrcn B Hom (MHGeKe 1 cooTBeTCTByeT TlepBoM 
TapMonHMKe CbyHKIMM pactipeweieHMA Toa Bomb wer). B6mu3su yacToTpl, rye 
BbIMOJIHACTCH ykKa3aHHoe ycJIOBMe, pa3MbITbii MakcumMymM xkoocpcpurmenta 
U3Iy4eHMA He ABIAeTCA TIpMsHakoM pesoHaHcHocTH menu. Urobhl mew Ha STON 
uacroTe Moria 3dbcbeKkTMUBHO M3asryyaTb, HeEOOXOJMMO YMeHbIIMTb ee pesoHaHCHy0 
WWIMHY, YTO JocTuraeTcA s3anoNHeHVeM ee AMaeKTpuKOM c AMaeKTpMueckoli 
TIPOHMIJaeMOCTHIO € , 3aMeTHO Gombe eAuHMMbI, YTO BNeueT 3a cobol elle vu 
yBemmueHve no6poTHocT uwjenu. YpopeHb pesoHaHcHoro 3sHa¥eHMA Koadpdulnenta 


: 2 , 
U3JLy YeHUA Sy BaBMCMT OT oTHOmeHMA g’/g® ( g® - BHeWIHAA akTMUBHAaA 


nposoyumoctp wen). Korga g'/g® = 1, =0.5 . Ipu napymennu storo ycuosna 
Kos(CMUMeHT M3aIyseHuA yMeHbIuaeTcA. B cayuae NpOMOJbHbIX jee OH 
CTpeMUTCAH K HYJIO Ha BbICOKMX YacTOTaXx, rye g' 61mu3aKo K HYNHO, u BONMBN 
KPMUTMYeCcKOM uacTOTHI, rye g' crpemutcs K GeckoHeuHocTu. Tupuna mu cbopma 
YaCTOTHbIX XAPAaKTePMCTUK KOad*CpMIMeHTa UsIyYeHMA eI B BbICOKOYACTOTHOM 
o6sactu mosochl mponycKkanua, roe gt/g® << 1, cyljecTBeHHO oTIW4aIOTCH OT 
TAKOBbIX B TJlaqKOM BOJIHOBOe CpaBHeHMA. 

IIpu sanmoHeE HUM BOHHOBOMA AUOBNEKTPUKOM 
cnenyeT pasiuuaTb Ba cAydaAd, Kora YpaHMllbl cyloeB AMSoeKTpMKa 
WapaJWJIeIbHbI y3KoM mM wWMpoKoM cTeHKaM BoJHOBORa. BrefeHue B BOJIHOBOL 
ManekTpuka B O6OMX CIyYaHxX IIpMBOAMT K YyBeJMUeHMIO pesOHaHCHOM AJIMHDbI 


BOJIHBI A, 10 cpaBHeHMIo c 1, We B MOJIOM BoHOBOZe Tem OojIbIemy, 4eM 


BbIe JMeeKTpwueckan IpoHMijaemMocTh € . OfHaKO C pOCTOM € YMeHbillaeTcA 
M3lydaTesibHaA CiocoOHocTbh pesoHaHCHON IWjeM U corsacoBaHMe ee C BOJIHOBOAOM. 
Tak, JMonekTrpuueckanh miacTMHa Cc TONUMHOM a2 = 2 MM, pacrionowKeHHaA 
CUMMeTPV4HO B MomepedHoM ceyeHwM BoNHOBOa 23 x 10 MM MapaJiesbHO ero 
y3KMM CTeHKaM, U38MeHAHeT MapaMeTpbl CAMMeETPM4HO pacooRKeHHON MoneperHon 
mem qaMHoN 16 MM cjenyroulmmM o}pasom. YBemmuenve € oT 2 Wo 8 ByleueT 3a 
co6oi usMeHeHve A, oT 35.2 MM JO 42.7 MM, Hom Maity4yaemol Mm oTpaxxeHHo! 


» jo. irl . 
MOILHOCTeN S| ui Ir Ha pesoHaHCHOM YacTOTe COOTBeTCTBeHHO OT 0.497 yo 0.42 


u ot 0.21 no 0.48. Iupuna nonocbl wacToT TO ypoBHIO NOJOBMHbI UsydaemMonu 
MOLIHOCTU U3sMeHAeTCA MpumMepHo oT 17% vo 16% . Ilpu TomuMHe nuaactunbl 8 MM 


2 «42 ate 
u € = 8 napameTpbl A, , IS;,| uu 1 IIPMHMMAIOT SHAYCHUA COOTBETCTBeEHHO 58.2 MM, 


0.221 u 0.763. Ilo mepe sbiBeyqeHuA naiacTMHbI Ms oomacTM WydHOcTH 
oleKTpiyeckoro MOA B Wem BIMAHMe ee Ha Welb ocuabepaet. Tak, py 
CMeLICHUM yKasaHHOM BLUME MacTMHbI TOJMMHOM a2 = 8 MM M3 leHTpa Ha 4 MM 
9TM »Ke MapaMeTpbI IpMHMMarIoT 3HadeHMA 53 MM, 0.277 u 0.68 , a AA TnacTMHb! 


TomumHon 2 mm - 39.7 mn, 0.465 1 0.4. B cayuae a2 = 8 MM, € = 6 uM CMelleHMe 
oT eHTpa 4 mm MMeem: 48 mm, 0.348 u 0.6 . Impuua NonocbI YacTOT NO ypoBHIO 
HONOBMHbI U3SYYaeMOM MOIIHOCTM COCcTaBJIAeT TIPU STOM OKOIO 13%. 

Us mnpvpeyenuHerx faHHbix cuienyeT, 4TO MpuMcyTcTBMe B BOJIHOBOLIE 
WMONeKTpMKa MSMeHAeT WIMpMHy acTOTHbIX XapakTepucTMuK KooacpcunMenta 
MU3sy4eHUA Tropasyo MeHbIle, 4M BalloHeHMe AMBIEKTPMKOM CaMON IWyeJM. 
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Korga ciow WMoneKkTpuka NapasseneH WMpoKOM cTeHKe BOJIHOBOa, eFo 
BosqevicTBMe Ha Lleb oOKasbiBaeTcA HaMOonee CMNbHbIM, KOrya TOT CON 
npuosmKaeTcA K CTeHKe, B KOTOpOoM mpopesaHa iweb. Tak, Hanpumep, cor 


FUZIeCKTPUKA TONUIMHOM 2 MM, € = 2 , palloJIOKeHHbIM BNIOTHYIO K CTeHKe Cc 
NON€pedHOM IeJIbIO M8MeHAeT pesoHaHCHy!0 WJIMHY BONHEI A, 0 cpaBHeHUIO CoO 
cwayuaeM TioJIoro BOJIHOBOZa OT 33.9 MM jo 38 mm. Tipu cmemjenuu aToro cJIOA kK 
MPOTMBONOOHKHOM CTeHKe Bcero Ha 1 MM 4, yMeHbillaeTcA cpasy fo 35.2 MM, a 
NOTOM TiocTeneHHO npMOmnmwKaeTCH K B3HAYeHMIO, COOTBETCTBYIOLIeEMy TOJIOMy 
BomHOBOLY. AHtepecno, uTo B ciry4ae AByXcNOMHOrO WMoNeKTpHKa, Wpwserarose;ro 
K CTEHKE CO UJeJIbIO, C YBEMYEHMEM TOJLMMHbI COA A, USMeHACTCH HEMOHOTOHHO. 
Hanboupiiee yBemmuenne 1, HabmogzaeTcaA NpM TommMHe con b;=3 mM(e = 2, Ay= 
=35.9MM). Koryja se TOJMMHa COA YBeIMIMBAeTCA CO CTOPOHBI TIPOTMBOTIOJIO“CHON 


cTeHKM A, pacTeT mMoHoToHHO. TIpu ¢€ = 2 8B paccmoTpeHHEIX cJIy4anx 
Kosd*ulMeHT M3IyYeHMA pesoHaHcHOM men Opi 6nm3s0K K MaKCMMAaJIbHO 


BOSMOXKHOMy SHaveHVIO 0.5. Korga A, OmmsKa K KpvTMYeCcKOM AMHe BOJIHDI 
OCHOBHOTO THMa, s:pPCPeKTMBHOCTh MBJIYYeHKNA We CyliecTBeHHO yMeHbiuaeTca. B 


PaccMOTpeHHOM cJryuae Wem ANMHOM L = 16 mm oTo Habmoganochb mpu é = 6 
2 
(|S, ~ 0.2). 


It. 3AKRJIIOWEHWE 


B pesyibTaTe MpoBeyzeHHBIxX wMccwefoBaHMm cinenyeT noq4uepKHyTb 
ce 7Tyroyee. 

1. IIpu onpeneneumm pesoHaHcHow ANMHbI Wem He cueyyeT cHeno 
HOJIb30BaTbCH TIPMHUWNOM BOMCTBeHHOCTM MM TIPMMMChIBaTh LIeJIAM 
pesoHaHcHble cBovcTBa BuOpaTopa. 

2. PesoHaHcHad JJIMHa M AManlas0HHble CBOMCTBa Ie OCObeHHO CMJIbHO 
OTNMYaIOTCA OT BUOpaTOPHBIX, Kora Web pacnoroKeHa BOIM3N NeasIbHO 
TIPOBOAALIUX SKPAaHos. 

3. BBuay MHOrollapaMeTpuyHOCTM cucTeMbI 6e3 pewieHMuA 3ayauM paccesHna 
HEBO3MOKHO FOCTATOUHO TOUHO TpeycKkasaTb pesoHaHCHyW AJIMHYy Wes. 


COMPARISON OF RESONANCE PROPERTIES OF NARROW SLOTS IN HOLLOW 
WAVEGUIDES AND ONES LOADED WITH CORRUGATED SYSTEM OR LAYER DIELECTRIC 


Yatsuk L.P., Gorbach I.V., Zhironkina A.V., Katrich V.A.. 
Kharkov State University, 4 Svoboda Sq., Kharkov-310077, Ukraine 
3 fel. 45-75-48 


Electrical length of narrow resonance slots, width of their frequency characteristics, maximum level of radiated power are studied 
versus some geometrical parameters, such as slot length L, its width, waveguide height, height of corrugation, size, position and 
permittivity of dielectric layers and type of electrodynamic volumes coupled with a slot. Common features of characteristics of 
interest are found as well as their differences. It is shown that in the vicinity of a perfectly conducting screen electrical length of a 
slot L/A trends to increase; properties of a slot in a corrugated waveguide considered far from its cut off frequency are similar to 
those in a hollow waveguide of the same height as a space above corrugated system: presence of dielectric in a waveguide shifts 
resonance frequency of a slot more efficiently if a dielectric slab is situated near to it. 
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HTVBAMMEKA OME, HOTYTERHAIA ATTEPTYPHEIMH AHTEHHAMHE, 
B WIOCKOCTHA TIAPANITEJIBHDIX PACKPBIBY PYTOPA 


B.A, Banazupes, [Jl Canen-nakop 


XapbKOBCKHH MuGEKO-TexXHMYECKEL BHCTETYT, 310108, Xappxon, yx. Axazemuatzeckag 1. 
e-mail: kfti@rocket. kharkov.ua 


Annotranvs B Hacrosniem coo6nIcNHE NpHBENCHL PesyHLTarE HCCHE_ORAa- 
HHK RDOCTPanCTRERHO-BPeCMCHHOR PHHAMBKE OMM & nnockocrax NapamienbHBXx 
packpHBy pynopa. Paccmorpense ocnopano Ha MeTope Tromrenca—Kupxroda, xXo- 
Toph panee, B pafore [1], Gum npHMeHeH KX ACCHEFORANHW NPHOCeEBOTO pexAMA 
pacupocrpancnes OMMU, aanyaenHHx anepTyYPHWME ahHTeHHaMaA. 


Tlocraxonka saad. 


Paccmorpam Bapaty o Bpochyxpensa TEM umnynpcom orpepcTaa B NHOCKOM Henpo- 
gpaqHoM oKpane, puc.l. Iycrs onexrpomMarHaTHH MMINyIbC, pactpocTpanaloulmuca 
B HallpaBieHHA BOGpacTaIOlaX GHAtYeHAH z, NayaeT HOPMANLHO Ha WIOCKOCTL okpana 
z= 0 & HMeeT KOMTIOHERTE! NOAR 


Hoy — Box — Foft mo z/c), 


rpe &(t—z/c)}—yuxuua, onucumaiowas dopmy TEM umnyanca nagaioniero Ha oKpan. 


R nM (x,y= 0,2) 





Pac. 1. Teomerpua aneprypn S B nnocKOM oKpaHe H TOUKH HAabmIOReHnESA. 


lone mony yenus B oGnacra z > 0 (qudparmposannoe none) 6yyemM HcKaATD. anepTypHHIM 
MeTOR0OM B IpH6suxKenum Cionrenca—Kupxroda. 
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AnannTuyeckoe BMCCHCHROBARHE. 


udpaxuuonnoe none mony yeHHOrO BMnyAbca & OOnacTH z > 0 yhopneTBOopazeT ypaBHe- 
naam Maxcpenna 


“s 18 4m = ~ 198 4n = 

roth = ~-—H——J”, rotH = -—E4+ ——]*, 
c Ot C c Ot C 

rye I, F°—nnornocru HOBEPXHOCTHEIX MA@CHBTHBIK HW BICKTPHIECKHX TOKOB. 

Cucremy ypapnenmit Maxcnenna yno6uo cBecru kK ypaBHeHRIO Tenpmroapna ya pyppe- 


aMIIATYIL MArHATHOFO NORA BONY YeHHOTO HMIYALCA 
. | d 
A H,(w, M) + kj H,(w, M) = Fo(w)[tkod(z) + mace (1) 


re ky = w/e, 
1 7 ; 
Fo{w) = =i Fo(t)e* dt 


—ypbe-amnaatyya, nagazouero TEM umnyasca, na aneprype. Ormeram, ¥7ro no- 
BEPXHOCTHHIE WIOTHOCTH SNEXTPHYECKHX H MATHETHHIX TOKOB OFHOPORHH No naoMIAAR 
aneptypH. Ucnoatsys @ynxnuo [pana pug cpo6oquoro npoctpancrsa G = e£/R, 
pewenue ypabnenan (1) moxerT 61rTh NOMydeHO B BUTE 


Fo{w) ° tye ld ; 
se ite [G da'dy sit | = 2G de'dy'). (2) 


R= \f(# — 2’)? + (y — y')* + z2—paccroanne or onementa niouaya de'dy’ no rowxH 
p 


nabmogenua M(x, y,z), aHTerpupopanne B BLIpaxenun (2) BeyeTCA NO NAOWA_H anep- 
typhi S cm. pac.1. Hony4ennoe none onpegenserca o6paTHnm npeo6pas opaHHem Pypsbe 
BHIpaaenna (2) H MoxeT 6nITL WpHBEReHO K BHT 


1 1d R._, 1 R 
H,(t, M)= — | (14+ =)—{ rye ~)da’dy/-+— | <a Fo(t~=)de'dy/, (3) 
§ S 





H,{w, M) = — 


RR Radi Ag 


ilonydennoe BLipaxeune npercrapnaer cobon CYNepHOGHHBIO HMIYRECHOTO NOAA Co- 
GAaNHOTO BACMCHTAPNLIME BonyYaTenamME Diokrenca (noBepxHOCTHEIME oneKTpHdecKE- 
MH H MArHHTHEIME TOKAMH) PABHOMEPHO pacnpeyjencHHEIMA B OONaCTH aneprypy. Ksa- 
GHCTATHTCCKOE NONe, ONMCLIBACMOE BTOPLIM Ciaraembim B (3), NO cpaBHeHMio Cc MOeM 
HONY4eHHA, T.€. B anbHe GONE ECTh BENHIANA CHENyIOWeEro NOPATKA MAJIOCTH. 


“IucnenHoe Mojenuposanue oBpomionman OMIM. 


Nlonnasg kapTane dopmaposanna OMH momer nT NOWY4HA TONLEKO C NpuBNE THEM 
THCHCHHEIX MeTONOB AccHejORaHBA. [lng pacderos Grin BEIOpan napaiouma TEM an 
HYALC CIRHAIHON AMNANTYAH, rayccoBCKOH PopME! WATeNBHOCTHIO T = 0.2ne 


Hy = exp(-E= Fh) (4) 


Ilone B panIWGHEx TOUKax BHeE OCH oNpenenanocE. TO @opmyne (3). Ha pucynxe 2 
NpeAcTansiena KapTHHA GBONIONHH, HCNYYeHHOTO BMNYNLCA WA kKBARpATHOR anepTy phi 
co croponon a = 10m B E-naocxocru (y = 0), aya z = 10m B CABRCHMOCTH OT BEICOTH 
2 Han ocbio Oz. 
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Pac. 2. 


Wsny tenn umitynsec B Touxe z = 0, T.e. Ha OCH COOTBETCTBYeT CynepnoscnnAa AM- 
IYIbCOB Hayaiowero Ha anepTypy H CYMM@PHOrO MMNYyJILECa CPOPMAPOBAHHOLO rpaHnuE- 
nen. Janepxka BpemMenH AT MexXTy NAKOBLIMH GHAYeHHSMB PacHONONAPHEIX AMNYIBCOB 
paBhe pachocTsH ApHKORA B TOUKy z = 10M uMnynbcoB, HONyYYeHHEIX BO reoMeTpHie- 
CkKOrO HeEHTps allepTypsl (AMIYAbC NOAOKATENDHOK TonApHocTH) H UMITyAbca BGAydeHn- 
Horo c nepedepun. pa cmemenau roan na6mopenaa M c ocau (@ = y = 0) um 
HYNLC OTPHAVATeNLHOK NOMAPHOCTH HATHHAET pacuennATEcaA Ha TDM UMNyNbca. Gagep- 
KKA BPEMCHH AT MOXY HONOMHTCNLHLIM HMNHYALCOM H BTOpEIM (iO NOpayKy cieqoBa- 
HEA B TOUxy HabmojenHa) OTPANATENLHEIM BMIYIECOM OCTReTCA HCHGMEHHON BHIOTE 
fO BLICOTE! 5M, COBMAgaIONIeH c Kpaem aneprypH. Ips erom canepxKa BpemMeHH AT; 
MeXPy NONOKATCNHEHSIM HAMUYIIbCOM HW NepBLIM OTPHUATeCNbHEIM AMMYIIbCOM COKpalla- 
eTCd, a GajlepaKa BPeMeCHH AT, MEXAY NOVMOMUTENIBHEIM H TpeThHM OTPHWAaTeIbHbIM 
HMNYJIECOM yBenninBaetTca. GayepxXKAa BPeEMeEHH AT B TOUNOCTH paBHa pacHocra Bpe- 
MeH WpaxoRa OT HuocKocTH z = 0B Toaxy Habmopenna M(z, y = 0, z) neBoomymenHoro 
DKPSHOM BMHYALCAa HONOKMTeILHOK NONAPHOCTH H CYMMAPHOTO AMNYAbCA AGIY TEHHOTO 
BePpTHKaIbHEIMH TpanuyamMa aneprypht y = +a/2. Taxam o6pasom at = Const no 
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Fex HOp HOKA HPOCKNAS TOUKH HabMOfeHAs Ha NHOCKOCTS Okpana Nonapaer B ObmacTS 
aneptypu. [pa jannneiuiem cmMenenum TOUKH HabmoneHHA Ham ochio z = y = 0 Be 
THIHHA AT HAYHHACT MeWIeHHO PacTu, & AMMIETY[a NOIOKFTeENEHO NONApPBGOBaAHHOrO 
HMHyILCe OLicTpo yOrtwaTe. JaqepxXKa BPeMeNH AT, PaBHA pacHocTH BpeMeH MpAxXoya B 
TOUKy Habsaiopenna M ocnopnoro uminyaLca nomomKUTeNBHON NOUAPHOCTH, IPH YCHOBRAX 
ONBCAHHEIX BBC, A CYMMAPHOTO EMILyAbCa, BOO6YKPEHHOTO BepKHeH TOPHOOHTANBHOR 
rpanunel aneprypH. VajepxKa BpemeHH AT, paBHe pasnocra BpeMeH MIpHxona B TOUKY 
nabmnojenna M umnynyca nonoxurenbHow NONApHOCTH, NpH Tex xe YCHOBHAX, H CyM- 
MBPHOTO BMIyAbCa BOG Oy RREHHOTO HAKHEM TOPHGONTANLNOK Ppanayed aneptypy. Wo 
CRAGAHHOrO CHepyeT, 4TO HOKA NPOeKUHA TOUKH HaAGWIOTeHBA, NOPHUMAACL Hay OCLW, 
HAXOAMTCH B Hpeqentax aleprypsi, BenwInHa AT, 6yyqeT yMeHLMATECA, @ BENHIAHA AT)— 
pactu. Onucannaa Bpnue KapTaua oTpakaer SBONIONHIO HGHYWeHHOrO HMNYALCa Xapak- 
TepHylo psa cont! Ppenens. pm serxope rouxn nabulojenna B oGnacT. reoMeTpH4e- 
cko# TeHu okpana Bpema t = z/c (ppema mpuxoga B TouKy Habmogenna M or nnocxocrx 
z=0 TEM umnynsca nonoxarennnon NONAPHOCTH) HAaWHaeT pacTH, GTO yKaGLIBaerT 
Ha BOUMyNaiollee helicrsHe oxpana, C ynenndennem paccTosHMa z OT HNHOCKOCTH oxpaHa 
GO safepkku BpemMeHH AT), AT, coxpamatorca. Ha Gonpumx paccromHBax nabmomaeTca 
TOHUBKO Ba AMNYALCA OTPRUATEAbHOM NONAPHOCTH, NOCKONBKY B OTOM cy dae OCHOBHOK 
HMNYIEC CIMT C N€PBEIM HMNYIBCOM OTPHAaTenbHOR NONAPHOCTR. 
Kavectnennas Kaprana dopmaposanna OMH w E- w H-naocxocrax JIA NW PAMOYTON_HEIX 
aneptyp GamcKa kK on“canHon Bre. Crenyer yoOaBuTL, YTO B Gonee OGmemM cay4ae, 
korfa TOuka Ha6miopenua M(z, y, z) ne npmHayneaUT He K OMNON HHOcKOCTH CHMMeTpHuH 
CHCTEMBI, Ga OCHOBHEIM HMIMYAbCOM NONOKATENDHOK NOMAPHOCTH CHeLyOT YTEIpe UM- 
NyWbca OTpalaTenbHou NonapHoctTu. B erom cnyyae 4CHO AMIYIECOB OTpuraTelbHow 
HOAAPHOCTH PAaBHO YHCAY CTOpON anepTy pH. 


JakIuOweHne, 


AnanwTradeckH MeTOTOM lsonrenca-Kupxroda a wacnenHo AccnenOBAHA npocTpancTBer- 
HO BpCMCHHas AMHAMHKA KOPOTKMX ONEKTPOMATHBTHLIX uMTynEcoB (OMM), aonyden- 
HBIX HPAMOYTORLHEIMH alepTyYPHHIMM @HTeHHaMA, B NWNOCKOCTAX OPTOFOH@IbHHIX OCH 
CHMMeTPHH CHCTEMEI, T.€. B HANPRBNCHHAX NAPAINCNHEHEIX pacKpLIBy pynopa. Moxacano, 
4TO Boy YeHHEa OMY anusetca _BYXMONAPHEIM H COCTORT HG OCHOBHOTO Beyywero HM- 
NYIbCa, BOGOYARAIOMeTO PACKPLIB AH'TeHHE! H CHe_YIOUIAX GA HAM ONHOTO HAH HECKONb- 
KHX HMMYICOB NPOTHBONONOMHOH NOAAPHOCTH, PopMUpyeMEIX rpanunei aneprypEt. 
Tlposeyennne uccneqopanna nocBONBAR yTOWHRTE nonarue ” nepeepHa” aneprypy B 
HAOCKOM OKpaHe H YCTAHOBATL, CBAGL ME KAY PopMoH BoBbyxXTaIONIErO HMIYALCA, re- 


OMeTpH4ecKuMH OCObeHHOCTAMM allepTypH XAapaKTEPOM HGBIYIEHHOTO AMITYAbCHOrO 
TIOILA. 


Cnucox nmuTreparypm 


1, Banaxapes B.A., Cazensunxopn It. M arepHanbi 5-4 Kptmcxon xondepennun 


"CBY—rexnuka W ChyTHHKOBLIe TenCKOMMYHHKAnHOHHEIe TexHonorun.” , 1995. T.1. 
C,.227-230. 
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TpaHcdopmMallua ChekTpa WApOKONMONOCHOLO CHrHasa 
M3UiY4YeHHOrO CHMMETPHYHEIM BHOpaTOpoM. 


Actankuy A.M. pode B.B. Tpomox K.B. 
607190 r. Capos POHU-BHHH9® np.Mupa 37 


AHHOTauHa 
Ha ocHope o6uleH3BeCTHBIX BbIPaxKeHHH AIA CHMMeTpH4HOrO BHOpaTopa 


paccMQTpeHO HCKaxKeHHe CTaliMOHapHOToO’ WIHpOKOMOMOCHOrO CHrHasla C PaBHOMeDPHbIM 
9HepreTHyuecKuM criekTpom. ITpuBegeHbl pe3sybTaTb! pacueTa BXOMHOTO COMpOTHBJIeHHA 
M MaplWasbHbIX AMarpaMM HallpaBJeHHOCTH CHMMeTpHYHOrO BHOpaTopa, aMIVIMTyTHbIH 
M da30BbiIH CNeKTP NOMA B TOUKe MpHema. : 


|. Baenennve 
OnpememeHHe XapakTepHCTHK LWIMpOKOMOJOCHBIX CHIHAaJIOB, MpomeswAx yepe3 
aHTeHHO-bHsepHble TpakTbl, W3yyeHO HemocTtaToyHo xopomo. [Ipu pa6bote c 
INHPOKOMOJIOCHBIMH CHrHaslaMM CileyeT OTKa3aTbCA OT HCMONb3OBAHHA WHarpaMM 
HallpaBJIGHHOCTH, BBUy HX Maso HHPopMaTHBHOCTH. Han6omee nomHy!0 HHopMallHio 
0 CHrHasie MOXKHO MOAYYNTb 3 MpocTpaHCTBeHHBbIX aMIVIHMTyMHOrTO HW dasoBoro 
CI@KTPOB, a TaKKe H3 MPOCTPpaHCTBEHHO-BpeMeHHbIX XapakTeEPHCTHK CHIHAaJA. 


Il. OcHoBHaa YacTb 
IlycTb CHrHan c SHepreTH¥eCKHM CII€KTpOM, paBHOMepHbIM B HeKOTOpOH 
Momoce YacTOT CHHMaeTCA c YreHepaTopa cormacoBaHHoro c dugepom. I[lepsoe 
MWcKaxKeHHe cieKTpa MpovcxomvT B TOUKe COeAMHeEHHA aHTeHHb! c duszepom. Ecamu 
BOJHOBOe COMmpoTHBseHHe duyepa Zp , TO MOLWHOCTb Mpowenilad B AHTeHHY (3a cueT 


2 

MajlaiouleH BOuHbI) onpefensetca BbipaxeHvem: Pa(f,)=P(fj)} | - Za(i;) - Zp , Tae 
| Zali,) + Zp 

BXOMHoOe compoTuBmeHHe axHTeHHEt ZalfJ=Zp(ie) wu f - yacToTa, MosyJb 


ConpoTHBleHHa papeu Z2,, (f,)=R2a(f,)+X2,(f,). Tpupenem u3BecTHble BbLIPaKeHHA MIA 
p m \ij i ahi p p4 
OTHOCHTEJIbHO TOHKHX CHMMeTPHUHbIX BUOpatopos [1] 


eee 
|sin? kL + (R, / p)’ cos’ kL| 
9 [l-(R, / p)’]sin2kL 


ee 
2[sin? kL + (R, / p)’ cos kL 


2L 
p= 120(In ~- -)) =e 
R,=30|[(Si4kL-2Si2kL)sin2kL+(C+InkL+Ci4kL-2Ci2kL)cos2kL+2(C+In2kL-Ci2kL), 


roe Si u Ci - wHTerpastbHbid CHHyc H KOCHHYC COOTBeTCTBeHHO, L - AHHa OfHOFO 


T 
muieua BuOpatopa, a - paguye BuOpaTopa, k\=—-. 
i 
AmmuautTyia cocTaBAAioWeH ToKa ompeseaeTCA BbIpaxKeHHeM: 


Le Pa(f, ) 
I, (fi) py (f) (2) 


a basa coctaBasiomel toxa: 7({,)=(f)-yarctan(Xa(f,)/Ra(f,)). Caenyrouee 
WckaxKeHHe BO3SHHKaeT H3-3a pasmMuHoro HaGera chasn —,(f)=o,(f,)+k;L wu .pasmmunprx 
IMarpaMM HallpaBsIeHHOCTH JIA BOJH C pa3HbIMH BOJIHOBbIMH 4nCcAaMH. J|MarpaMma 
HallpaBsJIeHHOCTH Aida cbuKCHpoBaHHoro 3HayeHHaA k;L onpenemneTca BbIpPaKeHHeM [1]:. 
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- 60I cos(kL cos 9) — cos kL 


sin$ 
YuntpiBan (1),(2) u (3) onpenertum Hanps>KeHHOCTh NO/IA B TOUKe Mpvema 


(3) 





Pil - GY] 601 cos(kL COS 9) —- COs kL ilk. +9 aretan(Xa/Ra)) 
Zi.) r sin 9 


ONTHMaJIbHO pellIHTb 3afa¥y MOXKHO 4HCJIEHHbIM MeTOJOM. Paso6bem cmekTp 
CHrHalia Ha 60/blI0e KOMMYeCTBO yYaCTKOB, B Mpemewax oOfHOoro y4acTKa 4YacTOTy 
MOMKHO CYHTATb NocTOAHHOH. PaccunTaB H3MeHeHHE aMIVIHTyLbl WH asbl DIA KaxKIOU 
JMHHM ClleKkTpa B TOUKe MpHeMa, MOXKHO OMpeAeHTb MOJHbIA CMeKTP CHTHaJla B 3TOK 
Touke. Ilocme Toro Kak HaHJeHbI CMeKTpasibHble XapaKTePHCTHKH CHTHaJla MO KHO 


BOCCTAHOBHTb CHrHa/l H ONpeReJHTb BPeCMeCHHbIe XapaKTCPHCTHKH CHFHalla YHCJICEHHbIM 
ME€TOJIOM. 


Pe3yJibTaTbl pacueta. 
Ilo Bbiten3qnox%KeHHOH MeTomHKe Ob MpOBeMeHbI UHCJIeEHHbIe pacueTbl 


MapUHaJIbHbIX MMarpaMM HallpaBJIeHHOCTH, MpPOCTpaHCTBeHHbIX aMIMJIMTyMHOTO u 
(bas0Boro CIeKTPOB B MePHAHOHAbHOH MvIocKOCcTH JIA CHMMeTpH4HOTO BHOpaTopa. 
Yron ocu Bu6patopa 0=0°. BomHoBoe compoTupnenne cbunepa 75 Om. Hopmuposounaa 
uactota 0.5¢/2L. Ha puc.1 mpeyctaBieHa 3aBHCMMOCTb akTHMBHOM MH peakTHBHOH 4acTH 


BXOMHOrO COMpPOTHBeHHA duyepa OT HOpMHpoBaHHOH uactotp. Ha pue. “2 
mpeactaBleHa dba3s0Banh XapakTepHcTHKa CHrHasia Ha Bxofe aHTeHHH!. Tlapuuasmpupie 
MarpaMMbl HalpaBseHHOCTH Mp pa3sqHyHBIX oTHOWeHHAX L/A moKasaHbl Ha puc.3 
ITpoctpaHcTBeHHbIM aMMIMTyMAHbIM clektp curvana (puc.4). Ha puce. 5 npegzctapnenbl 
C€Y€HHA AMMJIMTYRHOTO cChekTpa WIA yrvioB u3aiyueHHA O=10°, 8=45° nu O=90°. IIpu 
YCOBHH pelleHHA s3ama4n cormacopaHuA BHOpatopa Ha {/fox2 us pesyabTaToB 
aHald3a IIpOCTpaHcTBeHHOro ciiekTpa HW ero ceYeHHH culemyeT, YTO MAaKCHMaJIbHO 
BO3MOKHaA WHPHHa CeKTpa, H3y4¥eHHoro BKOpaTopom, - f[/fox0.9...2.5. YBennunBath 
WMpHHy cnektpa Gonpuie {/fox0.9..2.5 He caenyeT, T.K. B  omnpenemeHHbix 


HallpaBJIGHHAX OTCYTCTBYIOT HeKOTOpble cCMeKTpasbHble COCTaBJIAIOWUIWe, YTO MOKeT 
IIpHBeCTH K NoTepe HHopMauHH. 


Hil. 3akxmouenne 

IIpeqnoxeHHaA MeTONUKa onpemeeHHA UCKaxKeHHA cnekTpa  cHrHasa 
TIpHMeHHMa JIA =6JIKOORIX H3uyyaTeneH C H3BeECTHbIMA XapaKTepHCTHKaMH 
HallpaBJICHHOCTH UM BXOZHOFO COMpOTHBAeHHA B HOMOCe YacTOT CHrHaua. 

TlomyyeHbl 3aBHCHMOCTH TpaHccbopMauHu ciekTpa cHrHala H3y4eHHoro 
CHMMETPHUHBIM BHOpaTopoM B 3aBHCHMOCTH OT BXOJHOTO CONPOTHBAeCHHA H3yuaTenA 
H [poOcTpaHCTBeHHOrO pacmosioxKeHHA TOUKH mMmpvema. TlonyyeHbl 3aBHcHMOCTH 
HCKaKeHHBIX AMIVIAMTYHOTO WH da30Boro CNMeEKTpOB cHrHadia WH HX. “ceyeHuan”. Tlocae 
olpefewieHHA HCKaxKeHHOrO ciekTpa CHrHaJia, NMOcweHHA MO2XKHO BOCCTaHOBHTb HU 
ONpeseIHTbh eFO IMpOCTpaHCTBeHHO-BpeMeHHble XapakTepucTHKH. Ilo mnomy4eHHbIM 
pe3yIbTaTaM MOXKHO KkoppekTupoBpatb AUX yw UX  spixogHprx kacKaos 
IIMPOKONMOMOCHOK NepemaiouleH aMMapatypbi Aid HAaMMeHbIero HCKaxKeHHA CHTHaJia B 
Touke mpHema. IIpennomweHHanH MeTOZHKa HW MOJIYYeHHbIe pesy/bTaTbl BePHbl, ec/H 
IJIMTebHOCTb CHIHaJla He CJIMLIKOM Masia (dt*c>>L). Jlna KopoTKux HMIYJIbCOB HWA 


IUMPOKOMOJIOCHBIX CHTHaJIOB CJleqyeT KOpeHHbIM O6pa30M MepecMaTpHBaTb TeOpHIo 
H3s1YYeHHA. 


IV. Cnucok JMTepatTyppl. 
1. J[pa6kxun AJI., 3y3enxo B.JI., Kucaop A... AdteHHo-cbufepHbie yeTponcrsa. 


Marepuaani 6-i1 Memayuapoanolt Agamcnoit “Aaxponoanonoit Roupepennun RewrMaKe'G6. 16-19 cenrabps 1996 r., Cesacronoav, Kpvim, Y«pauna 
Proceedings of 6th International Gemean ¢Kécrowave Gonference CrévH2e'96. 16.19 September 1996, Sevastopol, Crimea, Ukraine 241 








2) Xa / Zf 


1) Ra / Zf 





Puc. 2 


Tlapunasbubie WMarpaMMbt HanpaBienHocTmM 


2L/lam=1,5 


- 2L/lam=1 
aa 2L/lam=2 


— 
S 
A 
$ 
E 
E 
~~ 
4 
a 


---- 2L/lam=0.5 
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XAPAKTEPHCTHKU KBAJIPATHBIX HW KPYTOBBIX AHTEHHBIX 
PEILDETOK CO CJLABO 3ATIOJIHEHHOM AMEPTYPOM 


H.H.Topo6ey, A.b. 2Komo6erxo, 1O.H. Topober 


Xapexosckuii zocydapcmeennout pnucepcumem, 310077, Xapoxoe, ni. Ceobodnt, 4 


AnHOTanHS 

Pa3paO0TaHbl $$ KOMIIbIOTepHbIe MpOrpaMMbl Ia pacuera 
X@PaKTepHCTHK HalipaBJICHHOCTH @HTCHHBIX pellleTOK HW30TPOMNHbIX 
V3ylyyaTeel, PaciOvIOKeHHbIX TO cCTOpOHaM kBag—paTa, MH M0 
oxpyxHoctuH. I[lpopeneHbl pacueTbl aMarpaMM  HalipaBsI¢HHOCTH, 
KO3PDHUHEHTOB HalpaBeHHoro AelicTBud u KOIPpHIHeHTOB paccesdHHA 
TaKHX pelleTrOoK MIpH pa3yIM4HOM 4HCIe W3Iy4aTeIeH MW pa3iIM4HOM 
paccrOsHHH =M@)XKAY HMMM. XapaKkTepHCTHKH CpaBHHBaIOTCA C 
XapaKTepHCTHKAMK KBalpaTHOi pellleTKH C TOMHOCThIO 3anOJIHeCHHO 


allepTypon. 


I. Baeaenne 

B anTeHHOM TexHMKe BO3SHMKaer 3a7a4a YMCHbIICHHA IWMpPHHbI 
riaBHOro Jlenmecrka HarpaMMbl HalipaBJIeHHOCTH pH OrpaHH4eHHOM 
qucie w3yuaTenei. Hanpumep, B pakwoacTpOHOMHM BaxKHO OOecIeuHTb 
BbICOKOE YIIOBOe pa3pelicHue pamMoTesecKkona IIpH OFPpaHHUYCHHbIX ero 
pa3mepax. Jlocruraercs Tako spdexT mpu KpecrooOpa3Hom wim T- 
o6pa3HOM paciOsIOXKeHHN V3IyyaTeNeH B AHTCHHOM pellreTKe. 

Bo3HukaeT Takxke 3anaua oOecneyeHHa OWM3KHX WIM OXMHAKOBBIX 
XapaKTepHCTHK HalipaBMCHHOCTH aHTeHHb! Ha pAe TMCKPeTHbIX YacTOT. B 
cylyuae aHTCHH C HCBbICOKOH HalipaBNIeCHHOCTbIO 3Ta 3anaua peilaerca C 
MOMOINbIO AHTCHH C JOrapHdMMyeCKOH MepMOAHYHOCTHIO SJICMCHTOB [I]. 
BEicokad HalmpaByIcHHOCTh HW BbICOKOe MPOCTpaHCTBeHHOe pa3pelleHne 


MOxXeT ObITh peasIH30BaHO B CHCT€Me KOHI[CHTPH4CCKH PaciOJIOKCHHbIX 
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KOJIbUCBbIX GHTCHHbIX peICTOK, HIM PenuIeTOK, B KOTOPBIX H3yuaTeuH 


PacrlOJIOKeHbI NO CTOpOHaM KBaypata. Ec B TakHXx peuleTKax Ha kKaxKnol 
qacTOTe BbINOUHACTCA IPHHUMM s1eKTpouHHamMMyeckoro noyobua, TO Hx 
XapakTepHCTHKH M3IIyqeHuA OyAyT MACHTHYHBIMH [2]. 

OTMeTHM TakxKe, 4YTO yYMeHbINeHHe 4HMCIIa W3Iy"aTeneli B  peLierKax 
co cnaOo 3anonHeHHOH allepTypoii mo3BoOmaer yJIyauIMTb Macco- 
raOapuTHble XapaKTCPHCTHKH AHTCHHbI, YMPOCTUTb cHcTemy BO3byxKTeHHA 
M3y4aTeyeH WM BCIO KOHCTPyKIHi0 aHTeHHbI. B muTepaType HemOCTaTOUHO 
NOHO H3y4eHbI PH3K4eCKHe 3aKOHOMePHOCTH (OpMupoBaHHA WHarpamM 
HallpaBJICHHOCTH WH SHEPreTH4eCKHe XapaKTePMCTHKH AHTCHHBIX pellleTOK 
co ciaOo 3anOHeHHOM anepTypoii. Srv MCCHeOBAaHHA ABJIAIOTCA LWeNbIO 


HacTOAIMeH CTaThH. 


Hi. Ockospuas yacth 

Pa3paOoTaHbI asIrOpHTMbI H KOMMbIOTepHad NporpammMa Jia pacuera 
{WarpaMMbl HalipaBIeHHOCTH, KOSPMUIMeHTa HalipaBleHHOrO elHCTBUA Vu 
KOIpPpHUeHTa paccesHHA MWIOCKHX AHTCHHBIX pelleToK c IIPOH3BOJIBHO 
PacMOIOKeCHHbIMH H3jlyyaTesAaMu (T.e. Mp He3aBHCHMO 3a2aBaeMOM HX 
NONWOKeCHuH Ha rIOCKOCTH). IIpH 9TOM paccrosHHe MExXKAy W3JIyuaTenAMH 
MOXKeT ObITh JOOObIM, pelleTKH MOryT ObITh SKBHXMCTaHTHbIMH 
H€OKBHMCTaHTHBIMH.  AMIWIMTyYIHBIe U a3oBble pacipenenenua 
MCTOUHHKOB MOJIA B pelmleTKe TakxKe MOryT GbITb MIOObIMM HW 3aaBAaTbCA 
H€3aBHCMMO OT OCOOeHHOCTEeH KOHKPeTHOH aHTeCHHBI. > 

Pe3ylbTaTbl pacuerOoB jwarpaMM  HalipaByIeHHOCTH MOTryT 
MIpeCTaBNATECA JIMHMAMH PaBHBIX YyPOBHeM Ha IWIOCKOCTH yTIJIOBbIXx 
KOOPAMHAaT TOYeK HaOOneHHA O Hu OQ; B Bue "“OOBeMHEIX" ZHarpaMM 
HallpaBJICHHOCTH B JIMHEHHOM WIM JIorapHqpMH4eCKOM MacluTabe H B BHae 
wMarpaMM HampaByieHHOCTH B JNOOBIX myIOCcKOCTAX HaOmoneHua. B 
KayecTBe WpHMepa Ha pHCyHKe MpeyCTaBIcHbI [HarpaMMbl 


HalIpaBICHHOCTH TWIOCKOM CHHa3HOH MOMWHOCTbIO 3alOWHeEHHOM pellerKu 
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9x9 W30TPOTIHbIX M3IyaaTeneH B mOcKocru E (H) uw aMaroHanbHon 
IMIOCKOCTH (P=45°), DTH WHAarpamMMBl MpesCTaBeHb!I Ha PHCYHKE CHIOIWHON 
aia o=0 4 NYHKTMpHOH Wiad O=45° HMHUAMH C TOMeTKOH Pr. Tlomerkow Kw 
pa3Me4eHbI AHANOrW4Hble JHarpaMMb! HaripaBICHHOCTH B JIBYX MJIOCKOCTAX 
peuieTKH w3Iy4aTeeH, PaciiOOKeHHbIX MO CTOPpOHaM kKBaypatTa (M0 9 
w3rydaTeneH B KaxKOM cTopoHe KBampatTa). 3yech %Xe TOMeTKOH okr 
pa3mMeyeHa [MarpaMMa HalipaBIeHHOCTH pemeTKH 3 32 H3MyUaTeNeH, 
PacnOJIOKeHHbIX TO OKpyxXHOCTH. Bo Bcex Tpex BapHaHTax paccTroaHHe 
MOXLyY W3IyuaTeaMH paBHO MOJIOBHHE TJIMHbI BOJIHbI. OTMeTHM, 4TO 
pa3MepbI WM TIOWaTH MepBbIX JBYX BapWaHTOB PpellleTOK OMMHAKOBBI, 
COHHaKOBO TaKKE 4YHCIO M3IyUaTeIeH B KBapaTHOH WM KObUeEBOH 
pemerKe. 

M3 cpapHeHua varpaMM =  HalipaByIeHHOCTH 3aNOJIHCHHOHW UM 
He3alOIHCHHOH KBapaTHbIX PeleTOK BHHO, YTO B IIaBHbIX MWJIOCKOCTAX 
HaOmoyenus IUMpHHa MaBHOroO JielecTKa JMarpaMMb!l HalpaBJICHHOCTH 10 
MOJIOBHHHOH MOIWIHOCTH pellleTKH C He3aNONHeEHHOH aleprypov 
YMecHbIUMIAach Ha 23%. YporeHb mepBporo OOKOBOrO JlenecTKayBeIMUWICA 
Ha 7,25 wb, T.e. Bo3spoc wo -5,75 ab, mpwaem OoKoBbIe JenmecrTKN C 
yBeyI“ueHHeM HOMEpa TipakTMueCKH He yMeHbila‘otTca. B WHaroHaybHou 
mrockocTtH (@=45°) mapHHa rlaBHoro senmecrka m0 NOMOBHHHOI 
MOINHOCTH TipaKTH4eCKH Takada Ke, a TIO TePpBOMY HYJIKO - YBCIMUMBACTCH, 
IIpHYeM CYWIeCTBeHHO GONbUIe TJIt MOMHOCTbIO 3aNOMHeEHHOM pellleTKH. 
YpoBeHb GOKOBBIX JeMeCTKOB YMCHbIUIaeTCaA C POCTOM HOMepa JlemecTKa, HO 
JUIA HE3ANONHCHHOH pellleTKH CKOpOCTb yObIBaHHA YpPOBHA JIeCMeCTKOB 
MeCHDbIIe. 

XapakTepHcTHKH WHarpaMMbl HalipaBICHHOCTH KOJIbIICBOH pellieTKu 
OyIMDKe K XAPAKTeEPHCTHKaM KBapaTHOH pewerKu. AHAalIM3 9HeprerTH4ecKHXx 
XaPaKTepHCTHK pelleTOK MOKa3ayI, 4TO KOSPPHIMeHT HallpaBsIEHHOrO 


eHCTBHA M@KCHM@JicH JIA MOWHOCTbIO 3aNOJIHCHHOM pemlerKu. [na 
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KBagpaTHOH OH yMeHbiuaerca Ha 74% nu KoNbyeBOK Ha 72%. Uncno 


u3yuaTeeH Mp 9TOM yMeHbUIMIOCch Ha 60%. KosdipuuMeHT paccesHHa 
(10 YPOBHIO jMarpaMMbl HanpapeHHocTu -15 wb) yBemmunBaeTca OT 
3HaueHHaA 0,28 IIA TMOUWHOCThIO 3allOJIHeCHHOM pelleTKH WO 0,89 pA 
KBaapaTHoH U 0,902 Id KONbUEBON. 

AHaJIOrH4Hbie BLIBOJbI CIpPaBeIMBbI HW JIA pelmlerOoK C MpPyrHM 
YHCIIOM M3]1y4uaTesen. 

OueBHoHO, 4YTO YCT@HOBIICHHbie Mu3H4eCKMe 3aKOHOMePHOCTU 
CIipaBeIMBbI HW JIA peMleTOK HalpaBJICHHbIX U3IyyaTeNeH, XOTA UX 


KOJIMUECTBCHHbIC XAPAKTEPHCTHKH OyAYT OTMMYATLCA. 


I. Saxsmoyuenne 

B  pe3yibTaTe KOMIBbIOTepHOrO aHasIM3a = ©XapaKTepHCTHK 
HallpaBJIeHHOCTH AHTCHHBIX PeIeTOK CO cabo 3aMOJIHCHHONM allepTyponv 
IPH. pacnoOsIOKeHHU U3lyyaTenen MO CTOPOHaM KBaypata UH MO OKpyXKHOCTH 
moka3aHO, YTO TPH OAMHAaAKOBOH TOMA aHTeCHHbI YMeHbINeHHeE YHCIIa 
w31yyaTeienh MpHBOAMT K YMCHbINeCHHIO WMPHHbI rmiaBHoro JiemectKa 
wMarpaMMBI HalipaBJICHHOCTH, YMCHBINCHHIO KOoMMuWMEHTA 
HallpaBlleHHOrO JeHCTBHA, YBeTH4eHHIO YPOBHA OOKOBbIX JICMeCTKOB H 


YBCMH4CHHHO KOSPMHIMEHTOB pacceaHHA”A. 


IV, Crvcox amteparyp! 
1. CsepxummpoxkonojocHpie axHTeHHb/IIep. c anri. mnmoq pen. 
JI.C.benencona. -M.:Mup, 1964. -416c. 
2. Jix.A.Crp3trou. Teopua snexTpomMarHetu3ma. M.-J1.: Pocrexu3yar, 


1948. -539c. 


DIRECTIVITY CHARACTERISTICS OF THE SQUARE AND CIRCULAR ANTENNA ARRAY 
WITH A WEAK FILLED APERTURE 


Gorobets N.N., Zholobenko A.B., Gorobets Yu.N. 
Kharkov State University 
4 Svoboda Sq., Kharkov-310077, Ukraine 


Antenna arrays with different frequency band radiators situated on sides of the square or around the circle may be used in a case of 
creating of broadband antenna arrays with the same characteristics at the all frequency band. The principle of the electrodynamic 
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similarity is satisfactory when radiators have definite sizes. This allows to realize the equal dirrectivity characteristics. Computer 
programs were made and radiation patterns, directivity and scattering coefficients of such antennas for a case of different aperture 
electrical sizes and the different numbers of radiators were calculated. The comparative analysis of the radiation pattern mainiobe, 
its width and side radiation level of square and circular antenna array were made. 
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HATIPABAEHHBIE H HOJIAPH3ANMOHHBIE XAPAKTEPHCTHKHN 
KOHMUECKHX PYHOPHBIX H3TYYATENEN C W3IOMOM YA 
| PACTBOPA 


H.H.TopoGen,B.M./laxos 
Xapokosckui 2zocynusepcumem, 310077, Xapoxos,n1z.Ceobodnt,4 
Y.B.Top6au 
AO BHT “Camypn”, 252148, Kuee,np.50-2emua Oxmsabopa, 26 


AHHOTanHs 
VUccneqopaHbl XapakTepHCTHKH KOHHMYCCKHX PyYNOPHBIX W3yyaTeeH C H3JIOMOM 
yrnia pacTBopa, NepcnekTHBHEIX JIA MpHMeHeCHHA B CHCTeMAX CITYTHHKOBOrO TeeBUe- 
HUA uM CcBA3H. MeTOHOM Bpalllalouleliica JHHeEMHONOMAPH3OBaHHOH MHOMKaTOpHOH aH- 
TCHHbI W3MePeHb! AWarpaMMb! HallpaBMeHHOCTH ABYX BAaPHaHTOB AHTeCHHbI MO OCHOB- 
HOH HW KPOCCHOUApPH30BaHHOW KOMMOHeHTAaM H3viyyeHua B raaBHbix (E uw H) myoc- 
KOCTAX HaOmoOyeHHA HU MOR yruom 45 rpanycos. IIupuHa JH annpokcumupyetca 3a- 


BHCHMOCTaAMH Bua 2AO0° = aA / r) rue r-payuyc packppipa, A -7IMHa BOJIHbI B CBOOOL- 


HOM IIPOCTpaHCTBe, @ -MOCTOAHHbIM KOSPPUNMCHT, 3aBMCALMH OT MIOCKOCTM HaOMIO- 
WeHHA WM OTCUeTHOTO ypoBHa JLH. MccneqoBanHo KpoccnosIapH30BaHHOe M3IIyYYeCHHe H3- 
nyyuatTenen, HaOmOaeMOe B Pa3NMUHbIX CCYCHHAX [MarPaMMb! HallpaBIIeHHOCTH H TI0- 
Ka3aHO, 4TO efO MAKCHMA@JIbHbIM ypOBeHb He mpesbuuaet -18nb, kak 4 B MMpaMUalIb- 
HbIX pyHopax C H3JIOMOM OOpa3yIolieli pH WX WMaroHnasbHOM BO3by2KTeHHH. 


.Baenenne 

KoHuM4eCKHe PyNOpHble AHTCHHbI C H3NOMOM yrila pacTBopa pynopa oOecneuH- 
BaloT JIYYLIMe XApAKTepHCTUKU HallpaBIeHHOCTH 110 CpaBHeHHO C OOBIUHbIMH (6e3 H3- 
joma OOpa3yroleH) KOHWMYeECKMMM pynopamnH [1]. B cBa3H c 9THM OHH MepcrieKTHBHBI 
Kak B KAYeCTBE C€AMOCTOATECJIbHbIX AHTCHH C MANO u CpeyHel HaNpaBNeHHOCTbLW, OCO- 
GeHHO B MHJIJIMMETPOBOM HM CaHTHMeTpOBOM Mana30Hax SIEKTPOM@LHHMTHbIX BOJIH, Tak 
HB KayecTBe BbICOKOSeKTHBHBIX OOyuaTeneH OCTPOHAIIpaBIICHHbIX 3€PKAJIbHbIX 
aHTeHH. OcoGeHHO MepcneKTHBHbI Take AHTeCHHbI B Tex cylyyasx, Kora HeEOOxXOAHMO 
oGecneuHTh paGoTy paqHvosneKTpOHHOH CHCTeMLI OAHOBPeMCHHO Ha BYX JMHEMHBIX 
HIM KPYFOBbIX MOMWAPH3AIHAX, HalMpHMep, B AIPOKOCMHY4CCKHX CHCTeCMAaX AHCTAHUMOH- 
HOO 30HTHpOBaHHA NOACTMIMAaOWIeH MOBePXHOCTH, MHCTaHWHOHHOTO KOHTpONA Ka- 
YeCTBAa TM3IICKTPHKOB pazwOodu3H4eCKMMH MCTOaMH, B CHCTeEMaX CITYTHHKOBOYO Te- 
JICBHICHHA HW CBA3H, B KOTOPbIX NPebABNAIOTCA MOBbIMeHHbIe TpeOoBaHua K dopme 
rlaBHOrO JelecTka, YPOBHIO HM pacnpeseneHHHO B MpOcTpaHcTBe OOKOBbIX JICHeCTKOB 
WarpaMMbl HallpaBNeHHOCTH, a TakoKe K YPOBHHO KPOCCNONAPH3OBaHHOLO M3iydeHHA. 

Kouwueckve pylOpHble 4HTCHHbI C H3IOMOM yrula pacTBOpa KOHyCca ONM3KH MO 
KOHCTPyKIHM HW XapakTepHCTHKaM HampaBeHHOCTH K NMpaMHabHbIM pynopam Cc 
H3JIOMOM Yyrsla pacTBOpa Np UX DHaroHanbHOM BO30yXTCHHHH BOJIHOH OCHOBHOTO 
THIMa,HCCHeOBaHHBIM B [2], XOTA H3BECTHO, YTO MHOFOyroubHan PopMa H3IyYaHOWero 
PaCKPbIBa AHTCHHbI MPWBODMT K CYLICCTBCHHbIM OCOOeCHHOCTAM xXapakTepa pacmpere- 
WleHHA B MpocTpanctTre ee OoKoBoro u3nyyeHnna [3]. 

Peienve 3aga4H OO H3ydeHHMN M3 KOHHYCCKHX PyMOPOB C H3NOMOM yrusia pac- 
TBOpa B SICKTPORMHAMHYeCKH CTpOrow MOCTaHOBKe BeCbMa 3aTPyHUTeIIbHO, Mpi- 
ONWKEHHOE KE pellleHHe B paMkax anepTypHOroO MeTOa HE NO3BONACT FOCTATOUHO 
MONHO WH TOUHO HCCIEAOBATb TOWAPH3alMOHHbIe XapaKTePWCTHKH M3IyYeHHA TakuXx 
pyuopos. Yspenuuenue uncna W3NOMOB OOpa3yrollet HW, CCHOBATEIbHO, Mepexoy K 
MHOFOCTyNHeH4aTOMy pynopy WaxKe B MpOCTeHMIMX CiyyaAX IPHBOAUT K CHOXKHOMY Ma- 
TeMaTHYeCKOMY aliMapaTy WH He No3sBONAeT ynpocTuTb 3anayy [4]. B cpa3Hu c 93THM 
UeNbIO HACTOALICH CTATbU ABIIAIOTCA SKCIICPHMEHTAJIbHbIC HCCMEQOBAHHA BIMAHHA pa3- 
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MepOB H YIIOB pacTBOpa KOHHYeCKOrO pynopa C H3I0MOM OOpa3yrIOlle Ha Halpas- 
NICHHbIC MW MOUAPV3ANMMOHHBIC XAPAKTEPHCTHKH CFO M3YYCHHA HW CpaBHeHHE C xapakTe- 
pHCTHKaMH MMpaMuyanbHOrO pynopa C H3JIOMOM yruia pacTBopa IIpH BMarOHaIbHOM 
BO36y2KUJCHHM BOMHOM OCHOBHOFO THI. 


I] .Ocnosnas 4acTb 
KoOHCTpykUHA KOHHYCCKHX PYMOPHBIX aHTCHH C H3JIOMOM yrula pacTBOpa XOpo- 
wo u3Becrua [1]. Hamu B 9KcMhepHMeHTaX HCCHIEXOBaINCh Ba pyNopa C pa3THuHbIMu 
yjaMeTpaMy w3nyuaromero packpprpa. Menburmli packppip pape 89mm, Oonbuini- 
124mM.O06a pynopa BIIVMCbIBaIOTCA B “SKBUBAICHTHEIM” KOHMYeCKKH pymop Oe3 u30Ma 


yrla pacTBopa C OAMHaKOBbIM YIJIOM IIpk BepLIMHe pyMopa, PpaBHbiIM a, =28° .B 


MeHbINeCM pyMope yrOll Ip BePIUMHe BHYTPeCHHero KOHyCa paBeH 12° u guametp ero 
OCHOBaHHA paBeH 36MM; yroyl IPH BepLIMHe BHCIMHerO KOHYCa paBeH 45°, J\nuna pyno- 
pa pasya 73mm. B Oombliem pyiope yroul pH BeplIMHe BHYTpeHHeroO KOHyca paBeH 
11,0°;:quameTp ero OcHOBaHHA paBeH 47,6MM; yron TipH BepLIMHE BHEeLiHero KOHyca 
papen 60°. JInuna Gonpiiero pynopa papya 93mM.O6a pynopa 3arvTbiBasiMch Kpyr- 
IbIM BOJIHOBOZIOM MaMeTpoM 19mm, BO36yxKTaeMbIM BOMHOK Hij. OKCMEPHMeHTHI Mpo- 
BeneHb! B QMana3zo0ne 9,5...12, 7501 a. 


Jinx O6ecneueHHA OFHOBPeMCHHOM 3allHCH AMMUIMTYTHbIX WU NOWAPW3alMOHHbIX 
XapaKTePHCTHK HalpaBIeCHHOCTH HCCHeWyeMbIX @HTCHH, KaK H B [2], HCMOb30BaaCb 
IMHEHHONOMAPH3OBaHHad MHAHKATOpHad aHTeHHA, MIOCKOCTb MOUApH3allMH KOTOPOH 
ppalljaeTcd BOKpyr HalipaBieHHd rlaBHOroO MaKCHMyMa ee AMarpaMMbl HalipaBJICHHOCTH 
[5]. Micnprryemaa aHTeHHa yCTaHaBuIMBalacb Ha MOBOPOTHOM CTeHye M Bpalliaach CO 
ckopocTE1o 0,506/uac, HHAMKaTOpHad aHTeHHa Bpaujaacb co cKopoctb 0,506/cek. 
Ckopocrtu BpalleHus BbIOUpaNch C Y4YeTOM MOCTOAHHOM BpeMeHH AZByXKOOPpAMHaTHOrO 
CaMOMMClla, KOTOPbIM HCHOMb3OBAIICA JIA 3ANHCH HCCC yeMbIxX XApaKTepHCTHK. 

Vi3mepeHua CormacoBaHHa pynopoB CO CBOOOJHbIM MpOCcTpaHCTBOM MOkKa3alin, 
uTO 3ABHCHMOCTH HX KCBH orf uacTOTh! Maso OTIMUALOTCA OT TAKOW Ke 3ABHCHMOCTH 
UIA THpaMvanbHOrO pynopa Cc WMaroHaNbHEIM BO3s6yKTeHHeM, MpeycTapeHHoH B [2]. 
Muxyumanpupie 3Hayenna KCBH yocrurawr 1,05 (B BbIcokouacTOTHOH YacTH padouero 
ymama30ua) , a MaKCHMasIbubIe-1,3...1,5 (B HH3KOUaCTOTHOM 4acTH). 

AMIVIMTYHHbIC HW MOUAPH3alMOHHbIe JHarpaMMbl HalpaBsleHHOCTH H3MCpAJIMCh B 
guana3oune 9,5...12,75. Ty c wHTepBanoM 0,250 Ty. Ilo pesymbTaTam 3anmvcu XapakTepH- 
CTHK HalpaBNeHHOCTH ONpesenalach WMpHHa raBHOrO Wenectka TMarpaMMbl HalipaB- 
NeHHOCTH NO ypoBHAM -3qb; -10q56 u -l5ab 4 ananu3MpoBaslacb UX 3ABMCHMOCTb OT 
4wacTOThI. OTMeTHM, 4TO LIPHHa rIaBHOrO MenecTKa NO ypoBHto -30b HeoOxouMMa Tipu 
HCHONb3OBaHHU pynopa B KaYeCTBE CAMOCTOATEMbHOM AHTeHHbI; 10 ypoBHIO -10mb - 
Kora pynop HcnOMb3yeTca B KayecTBe OONy4aTeIA 3€PKAJIbHbIX H JIMH3OBbIX AaHTCHH C 
MaKCHM@JIbHbIM KOI(PHUMeEHTOM YCHJICHHA Wid pawqMOMOKaWHOHHbIX UW CBA3HBIX CHCTEM; 
no yposnto -15ab - aya oOnyyareneli BLICOKOSeKTHBHIX OCTPOHANPaBiICHHbIX aH- 
TCHH C MHHHMA@JIbHOKM UIyMOBOH TeMMepaTypOH B pawMOacTpOHOMHH HW adpOKOCMHYC- 
CKHX CHCTeMaX AMCTaHUMOHHOLO 30HAMpOBaHHA NOACTHNAatOMeH NOBepxHOCTH. Io 9kc- 
N€PHMEHTAJIbHbIM 3aMHCAM aHaJIM3HPOBaNIMCh TAKKEe XAapaKTePHCTHKHM KPOCCHOIAPH30- 
BaHHOTO H3IyYeHHA ACCHELYEMbIX PyMOPOB. 

Ha puc.1 uw 2 mpexcTapyeHbi 3anvcH XapaKTepHCTHK HallpaBNeHHOCTH Mccepye- 
MOFO KOHHYECKOTO pylopa C H3IOMOM yria pacrBopa (GOMbUIMX pa3MepoB) HW NHpaMu- 
WasibHOTO pynopa c H30MOM OOpa3y1olieH pH WHarOHabHOM BO30y%xKTeHHH, UCCcIIe- 
OBaHHOrO B [2]. 3anucu mpoBezeHb! B rmaBHEIx (E u H) nuockocrax HaOmioqeHHA HU B 
nmockoctu @=45" Ha dacTOTaX, COOTBeETCTBYIONIMX OMMHAKOBOMY 3Ha4YeHMIO OTHOLIe- 
HHA DJIMHbI BOJIHbI B CBOOOZHOM MpocTpaHcTBe K KPHTHYeCKOM JIMHe BOJIHbI BO3OyX- 
Walowsjero PyNOp BOMHOBOA Ao/Aw=0,8. M3 cpaBHeHua 3almMceH BUTHO, UTO B IaBHbIX 
NIOCKOCTAX HAGIONCHHA YPOBCHb KPOCCHOMAPH3OBAHHOLO H3NyYeHHA KOHMYECKOTO 
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pynopa MeHbIUe, 4EM NHpaMHAaIIbHOLO C JMarOHabHbIM BO3OyxXeHHeM. B mOCKOCTAX 
(=+45° yponeHb KpoccnomspH30RaHHOrO M3yYYCHHA MAKCHM@JIbHbIM, Kak WM JIA WHpa- 
MHasIbHOTO pynopa. OnHako dopa JlerecTKOB WHarpaMMb! HanpapnenHoctu O6onx 
PYNOpOB NO KPOCChOUMpH30BaHHOM KOMMOHEHTe OTIMYACTCA, KAK BHDHO M3 puc.! u 2, 
BeCbMa CYLIECTBCHHO. ITO NOATBEPKDWaeT TeOperu4ueckune BHIBODbI E.K.Kupeesa u 
b.E.Kun6epa 0 CHOKHOM XapakTepe BIMAHHA YyIIOBLIX 9SIIeCMeHTOB M3Iy4arolicii 
anepTypbl Ha POpMHpoBaHHe OOKOBOrTO H3Ny4eHHA AHTeHHBI. CoOcTBeHHO, skcHepH- 
MCHT@JIbHO TONTBEP2KACHO, ATO 9TOT BbIBO CIpaBesNIMB HW WIA W3TyYeHHA KPOCCHO- 
JIAPH3OBAHHOH KOMIMOHEHTEI. BHOHO TakoxKe, UTO B Cllyyae KOHHYECKOrTO pynopa B Ha- 


npapienuax BOmn3H =—6 @=+ 40° = npu OTHOCHTeENBHOM ypOBHe H3Iy4eHHA OKONO -1805 
NORAPH3alHA W3tyyeHHa BOOOWe OuH3Ka K KpyroBOH, YTO He HAOMIOMAeTCA DIA Mupa- 
MHabHOrO pynopa.AnasIM3 KpOCCNONAPH3OBaHHOrO H3y4eHHA PyMOpoOB BO BCeM pa- 
Gouem WMana30He YaCTOT MOKa3asl, YTO ETO MAKCHMANbHbIM ypOBeHb He MpeBbILUAeT 
-180b OT noua OCHOBHOH NOMApH3alMH B TWaBHOM Ma@KCHMyMe AHarpaMMbl Hallpapisien- 
HOCTH. YpOBeHb KPOCCHONAPH3OBaHHOTO H3JIyYeCHHA MECHbIWerO pymopa HeCKONbKO 
MeHbille, 4EM OO UIero. 

Pe3ylbTaTbl H3MepeHHH 3aBHCHMOCTH LIMpHHbI PiaBHOrO Jlenecrka AHarpaMMbl 
HallpaBJICHHOCTH TIO OTMCYeCHHEIM BBbILUe TPCM YPOBHAM OT 4YaCTOTbI MpHBeICHbI Ha 
puc.3 uw 4 ayia OOOMX KOHMYeCKHX pynOpoB. DyHKWHOHAIbHO ITH 3ABHCHMOCTH XOPOLIO 
aNMIPOKCHMUPyIOTCA H3BECTHBIM COOTHOINeHHeM 2AQ@=oa/(r/A) . Tocroanupie Kosddbu- 
WMeHTHI O JIA KAKAOW M3 MIOCKOCTeH HaOmIOReHHA MpPHBEeCHLI Ha pucyHkax. OTnM4GHe 
STHX KOSMPDHUMEHTOB AIA SombUIOTO H MaNOTO PyMOPOB CBHETEMbCTBYeT O CHIIbBHOM 
BIIMAHWM BHYTPCHHErO KOHYCa Ha AMIMIMTyAHOe u tbaz0BOe PacnpenmeneHHe HCTOUHHKOB 
NOMA B M3Ly4UarOLeM packpbiBe pynopa. 


III. 3arsmnovenne 
B pe3yibTatTe NMpOBeHeHHbIX IKCNCPHMECHTAIIbHbIX MCCIeCHOBAHMH NOKa3aHO, ITO 
KOHHUCCKHE PyMOPHbl€ AHTCHHbI C H3JIOMOM yIia paCTBOpa MMeIOT HH3KHH YPOBCHb 
OOKOBOLO H3JIyYeHHA HM MO OCHOBHOK, HW MO KPOCCNOMAPH30BaHHOH KOMMOHEHTE H3IIy- 
YeHHA, UTO MO3BOUACT PEKOMCHAOBATL WX WIA UCHOMb3OBAHHA B PAaNHOSICKTPOHHbIX 
CHCTe€MAX C JIYULIHMUM IWYMOBbIMH XapakTepHCTHKaMH. 
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H3IYUEHHE BDIIEKTPHUECKOLO BHEPATOPA, OPHERTHPOBAHHOPO 
TEPHEHJVKYIAPHO TWPAMOYTOJIBHOMY SKPAHY 


HI. Enmceesa 
XapoKoeckull 2zocyuusepcumem, 310077, XapvKoe, na. Ceobodnl, 4 


AHHOTaunn 


MerojoM paBHOMepHOol reoMeTpHYecKOH TeopHu AMppakuMn MpoBeyeH aHasu3 
BREMAHHA NpAMOYLOIbHOLO HjlcaibHO MpOBOMAMerO SKpaHa Ha CTpyKTypy 3ICKTPOMarHHTHOTO 
NOJIA, CO3aBAaeMOro 3IeEMeHTapHbIM 3JICKTpH4uccCKUM BHOpaTOpOM, paciiOJIOKeHHbIM Ha 
paccrosHum h Hay cepeqMHo sKpaHa TepnenyMKynapHo ero noBpepxHocru. Uccitezosann! 
JMarpaMMbl HallpaBJicHHOCTH OCHOBHOM HM KDpOCcc-NOJApH3alIMOHHOH KOMIOHeHT MOA 
paccMaTpHBacMOM CHCTeMbI B pa3HbIX MWIOCKOCTAX HaOMOJCHHA Np pasIMyHbIX pa3sMepax U 
cbopMax 9KpaHa Jia pa3sHElx h. 


I. Baenenne 

IInockHe NpsMOyroJIbHble MeTamuMueckve 9KpaHbl, BosObyxKaeMble 3ieKTPH4ecKHM 
BHOpaTopoM, IIMpOKo HMCMOub3yIOTCA B AHTeHHOM Texunke. Kpome Toro, 3aqaya Bo3s0yKTeHHA 
WlealbHO MpOBOLAMero TOHKOTO o9kKpaHa ccbepHyecKOl sIeKTPOMarHHTHOM BOJHOH ABJIAeTCA 
MOJICIBHOM Mp MCcIeqOBAaHHM MONA WudpakiMu Ha Tesax Somee cIO%KHOH MopMBI. B cBsa3u c 
9THM IIpeyicTaBIMIoT WHTepec IIA MpakTMKM CIIeAyIOUMMe BOpocnl: pacer [MarpaMM 
HalpapleHHoctn (/[H) uccilexyeMon CHCTeMbI C MOBbIMICHHOK TOYHOCTLYO 3a CueT yueTa BOJIH 
NepBHYHON HW BTOpHYHON Wudpakyuii c KAKO H3 YeTbIpeX KPOMOK 3KpaHa; HCcIIeqOBaHHe 
BIIMAHHA (POpMbI, pa3sMeposB skpana, yylasieHua BuOpatopa oT Hero Ha JH cucrempi. Pacuer JIH 
MpOBOJWICA Ha OCHOBe YHCNeHHOrO pellieHHA HHTerpo-quddepenyMabybIx ypaBHenui B [I] 
pH Bo36yKTeHHU KBal[paTHOrO sKpaHa BHOpaTOpoM, PaciOOKeHHbIM MepleHAHKyApHO cro 
noBpepxHocTv. Bonpoc pimsHua dopMbl sKpana Ha JIH paccmaTpupasica B [2,3] B paMKax 
paBHOMepHOl reoMeTpHueckoi Teopun AMppaxyun (PITJ)) B cmyyae sBosbyxneHHaA 
BHOpaTOpoM, MapasVIebHbIM IKpaLy. 

B gaHHon pabote MeTOJIOM PI'TJ paccuntpiBarorca JIH oexrpuyueckoro BuOparopa, 
NeplcHAMKyIApHO OPHCHTHpOBaHHOro K NIPAMOYLOJIbHOMY TWIOCKOMY 3KpaHy, B NpOM3BOJIbHbIX 
TIOCKOCTAX HaOWOMeHHA WM HccllefyeTcA UX 3ABHCHMOCTb OT TeOMeTPHYeCKHX NMapaMeTpoB 
CHCTeMBI. 


II. Teopernmueckne pe3y.1bTaTp! 

B 3ajlaue BBeseHa JekapToBa cHcreMa KoopyMHaT XYZ, Hayasio KoTOpoH copmayaer c 
cepemMHoH oKpaHa, a ocH X,Y NapaJvIcbHbI ero CrOpoHam. OJIEMCHTapHbi sIIeCKTpH4ecKHh 
BHOpaTop pacnoyioKeH Ha och Z Ha paccrosHuw h or OeckoHeyHO TOHKOrO HleaJIbHo 
TIpORosMMero 9kpaHa co cropoHamH W w L. Ha ocHose MmeToya PITA none n3iryyuenna 
onpeyestieM Kak cyMMy Novel TO sos HW BONH MepBHYHOH AMppakiMn OT kaxOH H3 YeTbIpeX 
KPOMOK 9kpaHa HW BTOpHYHO WuppakyHH MEXAy ero MapasVIeIbHbIMH KpoMKamMKx [2]. Kaxyas 
W3 BOUH Wael BKIaJ, B MOO Moe TOMbKO B cBoei O6sacTH cBeTa (rpaHHub! cBeta w TeHH TO 
BOIH MIpOXORAT Mo IWIOCKOcTAM Yepe3 KPOMKH, a JMpakI(MOHHbIX - NO KOHHYECKHM 
TIOBEPXHOCTAM, BBIXOJMINMM V3 YIIOBbIX TOYeK 9KpaHa), BcMeycrBHe 4ero JIH 9oTHx BOIH - 
pa3pbIBHble PyHKUHH. 
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Paspa6oTaHbl aropuTMbl HW WporpamMpl pacuera JJH ocHopHot Eg u nonepesnon E, 


COCTABJINIONIMX NOJIA H3IVIeHHA aHaa3upyeMol CHCTeMbI BO BCeEM MpocTpaHcrTsBe HaOMOAeCHHA. 
Ha puc.1,2 mpeactapieHbi paccunTanuple JIH ocHoBHo KOMMOHeHTHI Eteta- rpaduKku pyHKunH 
Do(0) = Eo(® ,~)/Eo, re E>=IdlWo/2Ar, pu @ = 0, 90°; 30°; 45°; 60° m8 cnyyaeB KBaypaTHoro 
gkpaHa co croponamu L =A uw 3A, h = 0.2250 . Tam xe npueexenti1 JH TO nous (Ego), 
TIOMHOrO JMdpakIMOHHOTO MOA OT BCeX YeTbipexX KpOMOK 9oKpaHa - Edif(total), nomen 
llepBHYHOH udpakiMH oT Kkpomox 1,2 - Edif(1,2), or kpomoxk 3,4 - Edif(3,4), Moma BropHyHov 
mmopakuun ~- Edif(i2), aro no3Bouer NpociweqUTbh MeXaHvH3M W3MeCHCHHA KapTHUb! W3yqeHHs 
BO BC€M IIPOCTpaHcTBe B 3aBMCMHMOCTH OT pa3Mepa 9KpaHa. Ha puc.3(a,b) mpezcTaBiensl 
paccuntaHubie JTH nonepewHor cocrapimomel noma -Efi - rpapuxu dynuxynn D, (0)=E, 0,¢ ) 
/Eo WIA TeX %e TCOMeTPH4ecKHX MapaMerpoB cHcTeMbI npH gm = 0, 90°; 30°, 45°, 60°. B 


miockocrax ~ = 0, 90° JH onpenenserca TombKO NoueM BTOpHYHO yudpakuuu Edif(12), 
Edif(43) coornercrBeHHo. Ha puc.3(c,d) moxa3aHa 3aBMcHMocTb JIH OcHOBHOH KOMMOH¢HTHI 
TOU W3TYYCHHA B PIaBHbIX MIOCKOCTAX HaOMOAeHHA OT yalIeHHuA WMNoONA or 9KpaHa h u OT 
(OpMbI oskpaHa, OlpeyenseMoH OTHOWIeHHem cropoH W/L. Tam xe npxBezeHbl JH, 
paccyHTaHHble Id BepTHKalibHoro)§ BHOpaTopa B ApemowoxKeHHH OSecKOHe4HOH 
NpOTSKEHHOCTH MIOcKOrO 2 %KpaHa, MOOTOMyY OXBaTbIBaIOWIMe  TOUbKO epee 
Mouyimpocrpancrso (kpuBble - infinite plane). 

M43 cpasHeHa KpuBbix Eteta na puc.1,2 npu @ = 0, 90° c pesympraramn B [1] cuenyer 
OTMCTHTb MX OosIbIiiee pacxoxAeHHe, 4eM B CyYae cpaBHenna JH B [2] npn BosbyxaenHH 
BHOpaTOpoM, NapasVIesbHbIM 9Kpany. AHaJIW3 KpMBbIX Ha pHc.3(c) NoKa3biBaeT, 4TO B Cylyyae 
BOSOYKTCHHA 9KpaHa NMepleHAMKYJIAPHbIM K HeEMy BHOpaTOpoM, H3MeHeHHe paccTOAHHA MOXY 
okpaHoM HW BHOpaTopom h npwBosMT K 3Ha4yNTebHOMy w3MeHeHvIO JH B mepeazHem 
MOlyupocrpaHcTBe WH MpakruueckuH He BaMAeT Ha JH B 3aqHemM. M3 puc.3(d) BHAHO, 4TO 
HauHHaa c W/L > 1, JH npakruyecku He 3aBHcaT OT COpMbI 9KpaHa, 4eM CYLIeCTBCHHO 
oTuMYatoTcs oT JH B ciry4ae skpana C MapasvIesIbHbIM K HeMy BAOpaTopom. 


III. 3axmouenne 
PaccuHTaHbl uw xecnenoBaHbl JIH 8B ciryyae Bo36yxKeHHA MeTajIMuecKOro 
HPAMOYLONbHOrO IKpaha NepNneHAMKyApHbIM K HeMy BHOpaTopom. OrmeyenHo cia6oe BIMAHHA 
(OpMbI 9kpana MH ywayienuad BuOparopa Ha 3ayHee U3IIyyeHue. 


| IV. Crmcox smreparypst ~ 

1. TIumenos 1O.B., Xonpxos JI.A. U3ysenue anementapHoro 3lekTpuHyeckoro BHuOpaTopa, 
pacnouioKeHHOro Haj WIOCKUM MIpAMOYrOJIbHbIM 9KpaHoM. PayMorexnuka, 1990, N11. 

2. Topo6e H.H., Esmceepa HIT. Anropurmsi 4 nporpaMMbl pacueTa xapakKTepHcTHK 
HallpaBJICHHOCTH BHOpaTOpHbIX aHTeHH C MWIOCKMM 9KpaHoM. Marepwaspl 2-of KppbimMckor 
Kondepentnn "CBY - TexHuka H CIYTHHKOBbIN Mpuem", Cepacronosb, 8-10 oxraOpa 1992 roga, 
¢.549-554. 

3. Topo6en H.H., Emaceesa H.IT. Anam kpocc-nolapvH30BaHHoro M3ily4cHHaA BHOpaTopa Hal 
ILIOCKHM 3kKpaHoM. Marepuanpi 5-of Kppimckol kondepenumu "CBY -TexHika HM CITYTHHKOBBIC 
TCNCKOMMYHHKallwOHHble TexHoorMu”, Cepactonostb, 25-27 centaOps 1995, c.370-373. 
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MOSZENMPOBAHKE AMINTATYAHO- 
®ASOBOTO PACNMPEAENEHUR B ANEPTYPE 
HBYX3EPKANIbHOU AHTEHHbI C YUETOM 
FEOMETPMK MANOTO 3EPKASIA 


Jlo6kosa J1.M., Mupor A.B., Fonukos K.A., Bosk A.B. 
Cee. TY, 335053, Cesacmononb, Cmpeneukasl banka 





AxnHomauua - Ha ocHoBe reoMeTpMYeCcKON Teopun AMcbpakiiMM mpoBeseHO MccnefoBaHve NpoctpaHcTBeHHON 
NONAPUZAYWMOHHOM CTPYKTYpPbl MONA V3NyYEHUA ABYX3eEPKANbHOM @HTeHHbI Kaccerpena, o6ycnosneHHoro BNMAHWeM 
aMNAKTYAHO-cbasoBbIx pacnpefeneHuii nona Kak B anepType oGnyyatena, Tak 4 Ha MaNoM 3epKane. Mpeanctasnenbt 
pesynbTaTbl KOMMbIOTepHOrO aHanv3a annpoKcumalinn nona B anepType Gonblworo sepKxana, a Tak Ke NpYBeAeHbI pesyNnbTaTb! 
TEOPETHYECKWX PACHETOB UW UX ChaBHeHMe C pesynbTaTaMy SKCNepumMeHTa. 


|. BBenenne 


B HacTOALuee BNeMA NONyYeHb! CTporMe PewWIeHWA ANA pasHoobpa3sHbix BAPVAHTOB QVCPpaklLMOHHbIix 
@HTeHH 6.E. Kut6epom [1,2] uv ApyruMu abTopamu, OAHAaKO Ha OCHOBAaHMM 3STUX PeLWEHVYUW TpyAHO co3gaTb 
VHMEHEPHbIe MeTOAb! pacueTa 9TMX AHTEHH. CYLUECTBYIOWIME THNb! ABYX3ePKasIbHbIX AHTEHH CTPORTCA, 
MaBlbIM OOpa30mM, Ha VUCNONMb3OBAHMM ANVHHOdOKYCHbIX 3epKaNn MPM OCCHOBHOM TpeboBaHmn nonyyYeHuA 
MAaKCYMAanbHOro 3HaYeHUA KOSMQDULMEHTa YCUNEHUA. OAHAaKO, pa3sBUTMe CNYTHUKOBbIX CUCTEM CBA3K NPMBeNO K 
HeoOxofumMoctTh nepecMOTpeTb KpYTepuM ONTMMaNbHOorO BbIOOPa TeEOMeTPMYeCKUX NapaMeTPOB AHTEHHbI, 
ynenvAn oco6oe BHAMaHKMe e€€ LWYMOBbIM xXapakTepvcTukam vu KosdbduuMeHTy pacceaAHun. Bce cKasaHHoe 
o6ycnosuno mepexog K KOPOTKOMOKYCHbIM 3ePKallaM, OfHAKO MPU sTOM BO3HVKaeT CNoMKHeMWaAR 3aga4a 
cosmaHuA oOnyyaiowen cucTeMbl flostomy O6bina ApeANPUYHATa NoMbITKa TeopeTuyeckoro VY 
SKCNEPUMEHTANbHOrO UCCcNegoOBaHMA ABYX3EPKaNbHbIX AHTEHH MW PaspaBoOTKN WHKEHEPHOrO MeToga pacueta 


Il. OCHOBHaA 4YacTb 

flpopenem aHanu3 nonA usnyyeHiA aHTeHHb! Kaccerpena [3] Mo OCHOBHOU NonApu3sayuu, KOTOpaA 
3afana dyHKuner E(ps,@), roe P,H@, - NMONAPHbIe KOOPAMHAaTKI B Mpenenax Kpyrncro packpbiBa 
NapaBonvyeckou @HTeHHbI C BbIDESAHHOW LEHTPaNnbHoO NNoWaAKouK Cc AMaMeTpom dM. 

Coctasnatouume nona uanyyenua E,(6,~)HE,(6,~) npegctasnatorca B eupe: 

| " 

ev ike 2m 2 
[Je (23,93): -exp|ikps - -sind- -cos(y - 9), dp,dg3, = (1) 
od, 





E,(8, pF. ‘sing: .cos'{ 2 ).£ 
22 
2 


dg 
22° 3 


~ jkr 
| J JEs(es) )-exphikp, - ‘sin 0 -cos(p = 9)|p,dp3d9;, (2) 





jk (9.= 
E_ (0, @)=—-cos@-cos*| — 
of 9) nr : 2 
= 
CooTHOWweHna (1) YW (2) B NOAbIHTerpanbHOM BbIPaKeHUM COREPKAaT CNOKHYIO CbyHKLIMIO Fy (23,93), KoTOpaA 


CYLLECTBEHHO 3aBUCHT OT reoMeTpUNK Masoro 3epKana. JNA AanbHelwero UHTerpupoBaHuA GbINo NpoBeseHO 
MonenupoBaHue E, (23,93) Bpe3ynbTaTe KOTOpOrO ObINM HaiAeHbI aNNpoKCUMALIVOHHbIe CbyYHKLIMM B Buz: 


E, (93,03) = Ey (03,93 =0°} + 1B, (03.03 = 90°) - BE, (03,93 =0°)| -sin? 93, (3) 


CooTHoweHxve (3) nosBonxeT B cbopmynax (1) 4 (2) BbINOMHUTe MHTerpupoBaHue no dg, ucBectu (1) u (2) K 
VHTErPMpOBaHuto TonbKo No dp, . 
Mo aHanorvu C BbILUEM3NOKeEHHbIM ObINM paccMoTpeHb! TakwKe annpokcumalun E, (23,93) B 


3ABUCUMOCTH OT U3MECHEHUA SKCLIGHTPUCUTeTa € UY POKYCHOrO paccToAHua f Manoro 3epKana. 
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ll. Saxnrouenne 
Hla OCHOBaHMY YWcneHHOrO MOfeNnupoBaHiva yganock nonyunth annpoxcumMauuu Ans E, (3,93), 


NPEACTABNeHHbie Ha pic. 1(a, 6, B, ©), Fae No ocu aBcyuce OTNOKeHa NONAPHAAR KOOPAMHaTA g,. AHannus 
NOSIVYEHHBIX Pe3yN-TaTOB NoKa3aN Xopowwee COBNaeHve peaNbHbix pacnmpenenennik c ux annpokcumaunen. 
Ha OCHOBaHMM NONYYeHHbIX annpoKcumalui E, (03593) no mopmynam (1) v4 (2) Gbinu npoBegerbti 


4ucneHHble pacyetbi 1H B E uw H nnockocTax KoTopble npegAcTaBneubi Ha pic. 2, a Tak «Ke vz00paxXeHb! 
skcnepumeHtanbHple (IH. CosnageHie peaynbTaToB akCnepHMeHTa onpaB”bIBaeT  BbIOpaHHyio MeTODUKY 
MOfenuvpoBaHUA None B aneptype Gonbworo 3epKana. 


IV. Cnucok muteparypp! 


[1] KunGep B.E., O pony avcbpakiynu Ha KpomKax Sepkana B 6okoBom ueny4eHUu: - PaguoTexHuka OnerTponnka, 1961, N4, 
c. 545-558. 

[2] Boposuxos B.A., Kuv6ep B.E., feometpuueckan teopna aucbpaxuuu. - M.: Caasb, 1978.- 248c. 

[3] AvaeHGepr.3., Amnonbonwni BT., Tepewur O.H., AHTeHHbI YKB, Vactb 2. M.: CBA3b, 1977, 288c. 


SIMULATION OF MAGNITUDE-PHASE DISTRIBUTIONS IN APERTURES OF DUAL-REFLECTOR 
AERIAL IN VIEW OF CONTRREFLECTOR GEOMETRY 


Lobkova L.M., Pirog A.A., Golikov K.A., Vovk A.B. 
Sevastopol State Technical University 
Studgorodok, Sevastopol-335053, Ukraine 


The extensive circle of tasks which are being soluble by means of communication systems, makes important to produce the 
antenna systems for different purposes. Reflector antennas - the most widespread type of antennas - are the mainly applied. The 
analysis of radiation characteristics of such systems, especially of dual-reflector antennas, requires the repeating recurrences of 
numerical integration procedures. However, it is possible to account the character of underintegral equations after changing them 
on analytically intergrated functions. That permits to reduce the time of account of such task on computer without loss of accuracy. 
The results of such work are shown in paper for dual-reflector antennas of Gregory and Kassegrain. 
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OMNPEAZENEHVE XAPAKTEPACTUK 





HBYXSEPKAJIbHbBIX AHTEHH. 
B NPABNMKEHMM ®PEHENA 


Jlo6xopa J1.M., Capounnn A.A., Crynaxos [.B., 
CeeacmononbcKkul 20cydapcmeexHbiluy mexHuyeckuu YHuBepcumem 


AxnHomauus - Ha ocHose MeTOgoB reomeTpuuecKoN Teopun AvicbpakyMK paspaGoTaHa MeTOAMKa pacueTa OCHOBHbIX 
X@PAKTEPUCTUK ABYX3epKaNbHbIX @HTEHH, YUVTHIBAIOLIAR ocbdekTbI, BOSHMKAIOLUME NPM B3aMMHOU OnuzocTu pacnionoxKeHun BCeX 
SNEMEHTOB @HTeHHbI. Ha ocHoBakuM pa3spaSoTaHHOA maTeMaTMYecKOoA mMOseNM = NpoBeseH TeopeTM4ecKvH aHann3 
XAPAKTEPUCTUK ABYX3epKarbHbIX AHTeEHH Tperopu wv KaccerpeHa uw ocylwecTaneHa oONnTMMMsayWA “xX OGnyYaroOulUx cuctem. B 
KavectBe mpumepa npeAcTaBneHb! pesynbTaTb!, NOMYYeHHbIe ANA aHTeHH [peropu wu Kaccerpeva c napaGonuyueckum 3epKariom 
Avamerpom 67,2 A np OTHOWeHUY CboKycHoro paccTOAHMA K Avametpy F/ D=0,36. 


|. BBegenue 


Henbio AanHoro vccnegoBaHur ABUNOCb o6ocHoBaHve BbIGOpa oOnyyYarolwen CUCTeMbI 
ABYX3EPKaNbHOW AHTEHHbI, MOCTPOeHHOU Ha OcHoOBe O6onbworo 3epkana Mapa6onnyeckoro = tuna. 
Paspa6oTaHHbiIA naKkeT mporpamMM pacyeTa XapakTepKCTUK ABYX3EPKAaNbHOM AHTEHHbI MO3BONAN paccuuTatb 
cnepyroluve XapakTepUucTuKu: 

- €AMNNUTYDHO-chbasoBoe pacnpefeneHve (AMP) nonsw B anepType OCHOBHOrO 3epKana c onpeneneHuem 
M&@KCUMAasIbHOro 3HAaYeHUA BENUYMHbI HANPAKEHHOCTU 3SNeKTPUYECKOrO NONA; 

~ KOS@DULMEHT KUCNONb30BaHUA MoOBepxHocTu (KUN), onpemennembi4 mo xapaxTepy ADP c yueTom 
BENUUWHbI 3A€TEHEHUA OCHOBHOTO 3epKana MasibiM; 


- QvarpaMMbl HanpaBneHHoctTu ({]H) Bcen AaHTeHHb! C onpefeneHvem BeNnnyWHb! HaNpAKeHHOCTU 
SNeKTPUYECKOrO NONA B HaNnpaBneHuu rnaBHoro MakCuMymMa. 


lil. Teoperuyeckne pesynbtartbl 


B kayectBe oOnyyYalboluev CHCTeMb! OCHOBHOrTO 3epKana Obinu npegANoKeHbl BapvaHTbl, B OCHOBE 
KOTOpPbIX NexKaT ABYX3epKaNbHble cxeMb! KaccerpeHa (Manoe 3epKano runepBbonnuyeckoro Tuna) wv fperopy 
(Manoe 3epKano snnuntuyeckoro Tuna). OGnyyarouiMe CucTemMb!I Takux THNOB O6NagatoT PAAOM CTaHAapTHbix, 
CM. Hanpumep [1], reometpuyeckux NapameTpos. 

B KaueCTBe HE3aBYCUMbIX 6bINM B_IGpaHb! 4Ba NapamMetpa - SKCLEHTpUCHTeT e uv AvameTp d manoro 
3epKana. flpw sTOM gMvana3oH V3BMeHEHUM SKCLIGHTpUCUTeTa onpenenaAncA u3 o6nactw peanbHo 
VUCNONb3yeMbIX Ha NMpakTMKe 3HAa4YeHMN OT 1,2 (HaNvBonee nnocKkoe 3epKano) fAO 2 (HavOonee BbinyKnoe 
3epKano) ANA aHTeHHb! KaccerpeHa uv oT 0,555 (HamBonee BbinyKnoe 3epKano) go 0,769 (Han6onee nnocKkoe 
3epKano) ANA aHTeHHb! [peropu. Qnana3on w3mMeHeHni GvameTpa mafNnoro 3epKana onpenmensnca u3 ycnoBuA 
MaKCUManbHo AONYCTUMOKM BENUUUMHbI 3A€TEHEHVA OCHOBHOrO 3epKana ManbiMm (oT 0,08D fo 0,2D). 

Kpome reomeTpuueckux, B MpOL|ecce ONTMMU3aLWYN OCYLIECTBNANOCbh M3MeHeHVe sNeKTPHYeCKUX 
(ONPeAeNAOLUUX XapakTep AMNNUTYAHO-csa3soBoro pacnpegeneHus Nona B anepType nepBuyHOrO OOnyyaTenn) 
napametpos q u k. fipw atom nepBuytbiA oOnyy"aTenb paccmaTpyvBanca Kak Kpyrnan nnockad aneptypa 
fAMametpom 2b, Boa6byxxqeHHaA NUHEVHO NONAPU3ZOBaHHbIM NONeM C OCECMMMEeTPUYHbIM AMP auga: 


E( p’)=Eo(1- qp™)exp(-ikp”), 


Mae P'= Prexyuee/ D. Be 


Pacyet ADP Ha MIOBM 486DX2-66 tpe6osan oxono 0,5 mMuHyTbl. lporpamMbi 6binvw cocTaBneHb! Ha 
Asbike FORTRAN 5.0. Manoe pbacyeTHoe spemaA mo3B0nUNO NpoBecTM pacHyeTb! ANA 3HaYUTeNbHOro 
KONUYECTBA COUeETAHMii TEOMETPUUECKUX NapaMeTpoB. 

Pe3ynbTatTb! OOpa6oTKH NonyYeHHbIX pacnpefeneHvi NMoKa3aHbi Ha plc.1, rae mpesAcTaBneHa 
AVUHaMUKa V3MEHEHUA BENUYHHbI MAKCHMaNbHOK da3s0Bov owvOoKM WW YpOBHA OOnyYeHuA Kpan 3epKana ANA 
BCEX COUCTAHMN SKCLIEHTPUCUTeTa UW AVaMeTpa Masioro 3epKana. 

HeoSxogumMo OTMeTHTb, YTO U3MeHeHNe reomMeTpKYeCKUX NapaMeTpPOB Sbino npousBe”eHo TawKe ANA 
Pa3MMY4HbIX COOTHOLUEHMK NapamMeTpoB NepBuyHoro OOnyyatens (b, gq, k). Npu atom b nu3meHANCA B Npenenax 
oT 0,52 go 1,52 c warom 2. Ana q uccnenoBanuch cnegyrouine BapvaHtol: g=0, g=0,5, g=1, a anak: k=- 
1,57, k=O, k=1,57, K=3, 14. 

AxHanu3 ADP np W3MeHeHMN AaHHbIX NapamMeTpoB Noka3an, YTO KpUTeputO MaKCMUMYMa YUUTbIBaeMbIX 
NapaMeTPOB COOTBETCTBYIOT cnemyrouiuve 3HayeHuA: q=0, k=1,57. Takum o6pa3o0m, Ha OCHOBaHMM NONYYeEHHbIX 
HabbbIx cchopmynupoBaHbl TpeGoBaHUA K XapakTepUCcTHKaM NepBuYHOrO OOnyyaTena. 


PacyetHble {iH ana Hav6onee onTumManbHoro coYveTaHvA NapaMeTpOB ANA ABYX TMMOB aHTeHH 
NpegAcTaBneHbl Ha pwc. 2. 
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lll. Pesynbtarbi sKcnepumeHta 


Lleribto SKCNEPUMEHTaNbHbIxX ViCCNeAOBaHN ABUNOCh NOLTBEPKNEHNE pesyNbTaTOB TeopeTMYeCcKnx 
pacueToB nMapameTpos oOnyyalouje CUCTeMbI MPH NOCTPOeHMM ONTMMaNbHOTO BapMaHTa ”ABYX3epKaNbHOl 
@HTEHHbI. 

B xoge AaHHoro 9Tana onpegenanach 3aBNCcYMocTb Napametpos [JH sce AByx3epKanbHoW aHTeHHb! 
B lenom OT NapameTposB oOnyuwatoujew cucTembl. OueHKa MpovsBogunacb ANA ypoBHA SoKOBOrO v3anyYeHUA UV 
KOScpulveHTa younenur (KY) aHTeHHbI. Mp atom KY onpegensnca cpaBHuTenbHbIM MeTOZOM. 

Ha OCHOBaHUK SKCNEPUMEHTASIbHbIX UCCNEAOBAHYA MOXKHO CAenaTb CNeAYIOLUMe BbIBOAbI: 

1. CyuwjecTayeT OnTMMankHoe (aKCcMepvMeHTaNbHO yTOYHAeMoe) MeCTOMONoxKeHMe NepBUYHOrO 
o6nyyatens. 

2, OTO MeCTOpacnonoxKeHue oTMMYaeTCA OT pacueTHoro (onTMMNsMpoBaHHoro rio KUM). Npuuem 
oOnyyatenb HEO6xonuNMO NpVGnwxKaTb K KOHTppedpniekropy. 

3. Mp noctpoennu oOnyyatowen cvctemb! KeNaTenbHO VCMOMb30BaTb Gonbuuive (nopsgKa 0,15D) 
pa3mepb! Manoro 3epKana. [lp 3ToM Cc yBenuyeHiem AvaMeTpa Manoro sepKana npovucxoguT yBenvyeHve 
KUMI (pacuiupenve MH o6nyyatowel cuctembt), ofHaKo, HeEOOXOAUMO KOHTPONVpOBaTb BENUYWHy YPDOBHA 
Soxogoro wanyyYeHuA pesynbTupyiowel JH, koTOpas npu stom Taloxe yBenuunBaetca. 

SHAYEHMA ONTMMUSMPOBaHHbIX MapaMeTpoB cocTaBunw gna aHTeHH Fperopn uv Kaccerpena 
COOTBETCTBEHHO: WWMpHHa {JH no ypoBHio -3 4B -1 rpag ; ypoBeHb Gokoporo u3snyyeHua -27,5 OB uv -26 a5: 
KOS@CPULMeHT ycuneHun 43,5 4B u 44 vB. 


IV. SaknioyveHnue 


B xoge TeopeTuueckoro, a 3aTeM M 9KCNepuMeHTanbHoro vccnegoBaHui ObiInM nony4eHbl 
ONTUMaNbHbIe =3HaYeHYA NMapaMeTpoB oOmyyatoulei cuCTeMb! ABYX3EPKANbHbIX @HTeHH [peropu xv 
KaccerpeHa. MokasaHo, YTO uCcnonb30BaHve MaTeMaTHYeCKOM Mogeny, NOCTpOeHHOM Ha OCHOBeE MeTOsOB, 
YAUTbIBAIOLMX B3aVMHYIO ONW3OCTb PaCNONOXKeHMA BCEX SMEMEHTOB AHTEHHbI NOsBONAeT Bonee TOUHO (B 
CPaBHEHMK C TPaQWL\VOHHO VcnONb3yeMbIMY WHXKEHEPHbIMM MeETOAUKaMY, B OCHOBE KOTOPbIX NeKUT 
reomeTpoontuyeckoe npvOnuxeHve) BbIOUPaTb NapaMeTpbl oOnyyawwen cuCcTeMb!l, COooTBeETCTBYIOWIMe 
ONTUM@NbHbIM 3HAYEHUAM XAPAKTEPUCTUK V3NYYEHVA TaKUX AHTEHH. 


V. Cnucok nutepatyppi 
[1] AvsexGepr F.3. wap. AHTeHHbI YKB. 1.2, - M: Cop.paquo.-1977, 257 c. 


DETERMINATIONS OF RADIATION CHARACTERISTICS OF DUAL-REFLECTOR AERIAL 
IN FRISHNEL APPROACH 


Lobkova L.M., Savochkin A.A., Stupacov G.V. 
Sevastopol State Technical University, Studgorodok, Sevastopo!l-335053, Ukraine 


The satisfaction electromagnetic compatibility requirements, achievement quality parameters maximum of communication satellite 
systems is basically stimulated by the characteristics of aerials which are applied to these systems. The optimization of noise Q of 
such aerials, in particular constructed on dual-reflector outline, is impossible without account of effects, stimulated by vicinities of 
arrangement of all the device elements. The method of account of radiation characteristics of Gregory and Kassegrain dual- 
reflector aerials, which has been carried out on the basis of physical optics principles is presented in this paper. This method gave a 
possibility to determine the influence of the near zone arrangement of the radiation system elements on radiation characteristics of 
the whole aerial. The results of the experimental researches prove the theoretical assumptions. 
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MOAENUPOBAHKME XAPAKTEPUCTUK 
PAMOUHBIX AHTEHH 


Jlo6koga J1.M., Npouerko M.B., MocHpit O.A. 
CITy, 335053, Ceeacmononb, Cmpeneukas banka 


AxHomauun - TloctpoeHa mogenb Kpyrnow pamkw MpONsBOMbHbIX TeOoMeTpNMeCKUX pa3sMepoB, MPU sTOM 
PaCNPEAENeHKE TOKOB NPVHMMaNOCk A@HaNOrMyHbIM pPacnpeAeNeHvW TOKOB BAONb 3aMKHYTOK Ha KOHLG NWHAY, BbIBeACHb! 
ChopMyNibt ANA COCTaBNAIOLUMX NONA VSNYYeHYA PAMOYHOK AHTeEHHbI. 

I. BBenernue 


PaMOUHbie @HTeHHbI, Hapsagy C CUMMeTPMYHbIMM BYOpaTopamu, NPMMeHAIOTCA ANA co3sqaHua 
@HTCHHbIX CUCTEM fMOBYDKHbIX OBbeKTOB. OsHako, B VHKEHEPHbIX MeTOMAaX pacueTa 9TVX @AHTeHH 
UCNONb3ylOTCA ABa KpaWHux BapuaHTa paMoK: nvGo ux NepumMeTp MHOFO MeHbiUe A, NMG6O paBeH 1; Mpu sTOM B 
YaCTOTHOM AMana3soHe HaObniogaeTcA W3MeHeHMe Kak XapakTepUCTMK WanyYeHVA, Tak Mw BxXOAHOrO 
conpoTuBneHua. 


B BUAY BbILLIeM3NOKeHHOrTO BO3HUKNa HEOOXOAMMOCTbh UCCNEMOBaTb PaMOYHYIO AHTeHHY Mpu 
MPOUSBONIbHbIX FEOMeTPUYeCKHX NapamerTpax. 


li. OCHOBHAaAR YaCcTb 


Nyctb Kpyrnaa pamMka pacnonoxena B AekapTOBBOK CucTeMe KOOPANHAT B NNocKoctTn XY (cM. puc.1), 
TOrAa TOK, NPOTEKAFOLLNN NO KONbLUY MOMKHO NpesACTaBUTb B BYE: 


I,(€) =— -cos|x- (7 I, 
rae KOopAMHata G OTCHVTHIBAeTCA BAoNb Konbya v pasHa& = R-@,,/=2-R, rae R -paguyc pamuu, ; - 


NONApPHbIA yron B NnockocTu pamkKi, |, - ToK B NyYHocTH. 
TakKe MOKHO 3anncatb: 


I,(€)=1, ‘cose R(x - Ox)|:dl = R-dox. 
Via puc.1 cnepyer, uTo coctasnatoune toxa 1, uv I, onpegensiotca cooTHOWeHKAMU: 


I, (€)=-Ip ‘cos|kR ‘(n- ox)]: sin(@x), 
I,(€) =I, -cos|kR ‘(7 - Ox) |-cos(p,) | 


No usBecTHbIM pacnpefenexuam ToKon I, uv I, , Moxem HaiiTw cocTaBnAfouMe anekTpuyeckoro Nona B 


CCPEPUYECKOKM CUCTeEMe KOOPAUHAT Ha OCHOBAHUM COOTHOWeHMN: 
H=a, -rotA,E=a, -roi{rotA) (1) 
roe A - BEKTOPHbIA NOTeHLMAN. 


Adanu3 (1) nokazan, 4uto none Evmeet tonbko coctasnaiouime E,uE, .Npopegem aHanv3 nons 


xX 
dE, ,o6ycnosnentoro ToKom I, : 


xX o Ikte 
sa aa a ae da a : 
=~ Foo: cos(kR-[x-j.])-sin(x)—— R-dox. 


e 
rae Egy = Oy - cos(@) cos(¢) 1, =1-R-sin(®)-cos(9 — 9x) 
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Nocne npeo6pasoBaHua (2) nonyyumM 


x Te oe = ; jkr sin(®)(cos(p}-cos{ i.}+sin(o}sin(o k )) ; 
0 
x sin(@ ic) cos| KR (x —QOk ido ke - (3) 


PesynbTaT VHTerpvupoBaHnnr (3) MOKHO MPeACTaBMTb B BUAE: 
Eg = 2n-cos(@)-cos(): sin 7 T(AR- sin(®)), 


roe L (cx) ~ (PyHKUMA BeccenaA OT MHMMOrO apryMeHTa. 


Y x Y 
AHanorvuuHble COOTHOWWEHUA NonyyeHb! ANA op E, E, _ OKOHYAaTeNbHOe BbIpaxeHne ANA Eo 


MOMKHO 3€fiMCaTb B Be: 
Eg =E) +E& =V2a{lpq(c)sin(b+ mo) —1y2(c)sin(b— mg) cos(@)sin - +] (4) 


re: m, =1—a;m, =1+a,a=kR;b= kRn,c=kR-sin(@). 


lio aHanorun c (4) npeacTaBnaetca cbopmuyna u Ana E ok 


(ll. 3axnioueHnve 


Ha OCHOBaHYM MpoBegeHHbIX YVICNeHHbIX pacueTOB yCTaHOBNeHb! cnepywouiMe ocobeHHocTH 
nopegenna coctasnatouyx Eu E,: 


1. Kak cnenyet v3 puc.2, ana E 9 BASUMYTANbHOA MNOCKOCTH KpyroBaA AMarpamma HanpaBneHHocTn vumMeeT 


Tl 
MecTO TonbKo npv dS 01 - c yBenuyeHvem @ monanseTcnA HepaBHOMepHocTb B {JH HanpasneHun ~ = 5 


anpu @=1, usnyuenve otcyrctayet. Kak cnegyet u3 puc.3 npu ad > | DH npvo6petaet mHoronenecTKOBbIN 
xXapaktep. 


2. B yrnomecTHOHW mnockocTu (ZX) kak cnenyeT v3 puc.4 npn d= 0,1 nu non © = 0 npucyrcteyer none Ey 


.XOTA Ha MpakTUke CUMTAHOT, YTO E,( = 0) = 0 uTo He BepHo. AvHamuKa wameHeHua E, npv vsmeHennu 


@ npepctaBnena TakoKe Ha pUuc.4. 
Ha puc.5 u3s06paxena CTpyKTypa Be pw M3MeHEHMU A OT 0,1 no 1. U3 puc.5 cnegyet, “To EB, B 


9TOU MNOCKOCTU He 3ABUCUT OT Q. 
MonyyeHHble pesynbTaTb! Mo3sBonAoT BbIOpatb ONTMMaMbHbIe SHAYeHUA Qa ripu noctpoenun 
KDYTOBbIX PaMOK. 


THE THEORETICAL RESEARCHES OF FRAME AERIALS © - 


Lobkova L.M., Protsenko M.B. 
Sevastopol State Technical University 
Streletskaya bay, Studgorodok, Sevastopol-335053, Ukraine 


Alongside with the linear electrical vibrators, the round framework closed aerials are widespread at the present time. They permit to 
realize the technical opportunities of radio receivers fully. At a high approximation accuracy of current distribution by cosinus- 
function in the frame aerial, it is better to use the theory of long lines for account of aerial characteristics. By means of the well- 
known distribution of currents in frame aerial the significance of vector-potential is calculated. The received equations are used for 
account of radiation capacity and resistance. On the base of electrostatic analysis the wave resistance of the aerial was calculated. 
The analysis of radiation characteristics with account of the field polarization structure and input resistance in the wide limits of 
changes of antenna geometry parameters was conducted. 
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Puc.4 
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KOMIIBIOTEPHBIV AHAJINS JMATA3OHHBIX XAPAKTEPHCTHK 
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AHHOTalunA 


PaspaOoTaHbl KOMMbIOTEePHbIc MporpaMME! AIG aHanM3a KOIpDUNMeHTA 
HalpapneHHoro jelicrsus (KH) u guarpammsi HanpapnenHocrn (TH) aHTeHHbix 
pemterox (AP) c nocmeqoBaTenbHbIM MW TapasuIeNbHbIM BO30yXKeHHeM 3IIEMEHTOB. 
IIpenmoxKeHbl pa3iWw4uHble BapwaHTbl BO3byxXTeHHA pelleTOK OeryuieH BOMNHHI, 
no3sBoMomHe OOecneyHTh OpKeHTallMio rmaBHoro MakcumMymMa JJH B HalipaBeHHy 
HOPMaIM K pellleTKe WIM B APYFWX 3a],aHHbIX HalpaBIeHHAX B LWHPOKOM Mana3oHe 
yacTot. IIpopeqeH KOMMbIOTepHbI aHalMu3 xapakTepHcTHK CeKWMOHMpOBaHHEIxX AP 
OOIbINHX STIEKTPHYCCKUX PasMEPoOB. 


L.Baejenne 


AP HaxoqsT caMoe IWHpoKOe HM pa3HOOOpa3HCe MpHMeHeHHe, OCOOGeHHO B 
KaueCcTBe AHTCHHbIX CHCTeM, OOecme4yHBaIOUIMX MIHOBeCHHY!IO OPHeHTaLliHlO FiaBHOrO 
Makcumyma JIH 8 3amaHHOM HalpaByeHuH, TO eCTb B kayecTBe (ba3HpOBaHHbIx 
AHTeHHBIX peleTox [1]. Jia mHorux npwoxKeHHi NepcneKTHBHbI Hea3supoBaHHbte AP, 
KOTOpble OGecneunBaloT HeckaHupyrolmMi riaBHbi jenecrok JIH. OTWu aHTeHHEI 
o6nagaioT OObIIMM TMPeHMYLIECTBOM MO CPpaBHeHHIO C OCTpOHalIpaBsICHHbIMH 
3ePKAIbHbIMH WM JMH30BLIMM @aHTeHHaMH B CBA3H C Te€M, 4YTO OHH MOryT ObITb 
peanv30BaHbI B BUC MIOCKOH WIM KOHOPMHOH KOHCTPyKWMH. OTH MpHMeHeHNA 
oco6deHHO HepCieKTHBHbI id aHTeHH JleTaTeIbHbIX almapaTOB UW Apyrux 
TPaHCnOpTHbIx CpejiCTsB. 

B AP ouveHb yoO6HO peamH30BaTE BO3OyxTeHHe OerylleH BOMHOH TOKa HK 
NOUA, UTO MOZSBOUAET MpeeIbHO YIPOCTHTh CHCTeMy BO3OyXxXTeHHA pellleTKH. OAHAaKO, 
AP Geryijeii BOJIHbI HMeIOT WeNbI pay CyleCTBeHHBIX HamocraTKos. [lepBbm u 
OCHOBHOM M3 HUX CBaA3aH C 3¢*pseKTOM YAaCTOTHOTO cKaHMpoBaHHaA JIH: npw “3MeHeHHH 
YaCTOTbI TIaBHbId MakcuMyM MM BCA JIH moBOpayHBaeTcA K TeHepaTOpy WIM OT 
reHepatTopa B 34BHCHMOCTH OT TOTO MOBbIWNaeTCA HIM NOHWKaeTcA pabouad yaCTOTA. 
Bropoi wegocTaToK cBa3aH C TaK Ha3biBaemMbIM “stpdpeKTOM HOpMasIM”, T.e. 
Pe3OH@HCHbIM yBeIHYCHHeM KOSPDHUMEHTa CTOAYeEH BOMHbI AHTCHHOHW pellieTKM Ha 
yacToTe, Ha KOTOpOH OOecneuMBaeTca M3IyYeHHe TaBHOTO MaKCHMyMa B HallpaBieHHu 
HOpMasIH kK mockocTu AP. OTH WBa HEMOCTaTKa CyYIICCTBCHHO 3aTPyAHAIOT NpHMeHeHHe 
mmockux AP u ocoGeHHO cylllecTBeHHBI W3 HUX - y3Kad nowoca paOouux yacrToOT, 
KOTOpad TEM yKe, 4M Bile KOOPDUUMEHT YCHICHHA AHTCHHI, T.e. 4eM OosbIe ee 
gmeKTpHueckHe pa3Mepbil. Llemb1o HacTOsmeHd cCTaTbH <ABMAeTCA MCCTeOBAaHHe 
BO3MOXHOCTeM YBeEIMYeHHA LWMpOoKONonocHocTH nocKHX AP Oeryliel BOJTHHI. 


Il. OcHoBHaa 4acTb 


PaccMOTpHM MOZpOOHO BO3MOX%KHOCTH yBeIMYeHHA WHpoKOnoMocHocTH AP 
Geryliel BONHbI. OueBuAHO, YTO MoMOCa paOOuKXx YaCTOT AHTCHHbI TCM MCHBIIIC, eM 
Sombie ee HanpapreHHocrh. Tak kKaK Mp yBeNHYCHHH pa3MepOB aHTCHHBI 
YMeHbINaeTCA IWHpHHa TiaBHoro menectka J[H u, cnegoBaTenbHO, moBopot JJH oT 
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KakoOro-HO0 HalpaBNeHuA Ha YrON, paBHbIM MONOBHHE LIMPHHbI TlaBHOTO JienecTKa MO 
TOJOBHHHOH MOLIHOCTH, OyneT MeHbIUIC Mp MeCHbINeCM W3MCHCHHHM 4acTOTHI. 
I[pocreiiinma cnoco6 ysemmuenua wumpokononocHoctu AP - mepexom of 
MOCJIENOBATENIbHOW CXEMbI BOSOYKNCHHA BICMCHTOB PelleCTKH K MapaswiesbHOW cxeMe 
Bo36yxaeHHas. JlelicTBUTeIBHO, IPH MapaenbHoM BO36yxXTeHMH BCeX u3y4aTeneit AP 
pa3HOCTb (a3 Np pactipocTpaHeHHN BONHI B CHCTeMe pacipeneneHuA MOLWJHOCTH MIM 
CyMMaTOpax OyyeT OfMHakOBAa WIA KAKDOTO H3Ty4aTeNA. QTO WpuBeneT K TOMY, UTO 
HalipapyieHve rilaBHOTO MaKcHMyMa JJH w3mMenaTBCA He OyneT, MOCKONbKYy BCE 
w3iyuaTein OynyT cha3supoBaHb! OAMHAKOBO. OWHaKO, MpH 9TOM TepseTCA OCHOBHOE 
NpewMyujecTBO mocKHx AP - ~~ peamM3alMa § BO3MOKHOCTH TIOCKOH 
warpamMMooOpa3yromleH cxembl. Ilo-BuaqMMoMy, B CBA3H C 3THM BO3MOXKECH BaPpHaHT 
YBCIMYCHHA WiMpoKonoyocHoctrm AP nyTem nepexogqa K KOMOMHHpOBaHHOH cxeme 
BO3sOyKWeHHA - NocieqoBaTenbHOW uM MapannenbHow. Ecnu O6onpuryio AP 
CEKUMOHHPOBaThb HU JIA CpaBHUTeNbHO HeOONbIIMX MO OTHOLICHHIO K JJIMHE BOJIHbI 
SCMCHTOB MO KaKHOH CeKUMH HCIONb3OBaTh MOCIeTOBaTeNbHOe BO3OyxKTeHHE 
M3lyuaTenev, a BCe CeKIMH 3alWTaTb NapaywienmbHO, TO TaKHM O6pa30M MOKHO 
oOecneuMTh CYIICCTBEHHOE MOBbILICHHe WIMPOKONOMOCHOCTH Mp YMeHbINeHHH 4HcIIa 
sTaxKelH DarpamMMOMoOpMupywlleli CXeMbI. OueBHAHO, 4TO STOT NYTb NPHBODHT BCE Ke K 
CYIIIECTBCHHOMY YCJIOXKHEHHIO CXeCMbI BO30yKTCHHA @HTCHHbI HU YBCIHYCHHIO ec 
TONMHHbI. Bropow cnoco6 o6ecneyeHuad yBenHueHHA wWwuUpoKOoNomocHocruH AP 
3akmiOuaeTCa B TOM, 4¥TO AP Oeryuiei BOJIHbI MOXKHO 3anmvTaTh B CepenvHe KaxK0H 
WMHeHKH C OerymeH BOnHOH. )leiicTBHTeMbHO, pH TakOM BO36yxTeHHH JIH kaxgoi 
MOMOBMHB! MHCHKN OyyT H3MCHATLCA B MPOTHBOMOJIOXKHLIC CTOPOHHI (kK reHepaTopy u 
OT reHepaTopa Aid OMHOK CeKUMH H HaObopoT, OT reHepaTopa Mu K TeHepaTOpy AIA 
pyro cekuHv) W, Takum oOpa30m, riaBHbli menecrox J{H scerga OpveHTHpOBaH B 
HanpaBieHHu Hopman. [Ipw 3Ha4uvTeIbHOM OTKIIOHCHHM YaCTOTbI OT WeHTPabHOor 
ecTecTBeHHO JIH Oyyert npuoOperaTh TpexmenecTKOBbI xapaktTep, a pH eine Sonbiuem 
OTKIIOHeEHMH YacTOoTH! JIH Moxer “pa3BaIMBaTbca”. 

Takoe so36yxaeHue AP npuBogut k Gombliomy pocry GOKOBBIX JemecTKoB JIH 
H, KPOMe TOTO, KOHCTPyKTHBHO Taka# aHTeCHHA TOXKE He OYCHb YHOOHA, MOCKONbKy BCA 
CHCTeMa MNHTaHHA COCcpeyzoTOUeHa B cepenHHe AP, uTO NPHBOAHT K yBeMHYeHHIO ee 
BbICOTHbI HW K YCJIOKHEHHIO BCeH KOHCTPyKUHH B LeENOM. YBeIMYeHHe OOKOBbIX JIeMeCTKOB 
B AP c Bo3s6yxKaeHHeM B CepequHe OOycNOBNeHO SKCHOHCHIIMaIbHbIM XapakTepOoM 
aMIVIMTYTHOTO pacnpeneneHHa B pelleTKe, a TakoxKe TPYTHOCTAMM peryIMpOBKH HII 
noyqOopa TpeOyemMoro aMMNIVTyYAHOTO pacnpeneneHuA BOONb KaKOM 3 MWHHEeK. 
Pa3BHTHeM 3TOrO Cnocoba yBeIHMYeHHA WIMPOKONOMOCHOCTH A@HTCHHbIX CHCTEM ABILACTCA 
vucnomb30BaHHe AP Oeryujeii BONHEI C WBYXCTpOHHMM BO3OyxXTeHHeM. JleicTBUTeNIbHO, 
eCiH ONHY WM TY %€ aHTeHHy, HallpMMep, BOJIHOBOMHO- LIeeBOrO Tula 3anWTaTb 
OJHOBPeMeHHO C ABYX CTOPOH, NpHueM Mp 3STOM DWIHHA AHTeCHHbI WOKHA ObITh 
WOCTATOUHO OONLWOH, YTOOL! K KpakoO AHTCHHbI AOXOTWIO OUCHb-MaNO MOLJHOCTH, TO 
3necb OynyT HaOmiomaTECaA TaKue xe oddekTbl, Kak WM B AHTeHHe Oeryme BOJIHbI C 
BO30y2xKeHHeEM ec B CepequHe. JlelicTBHTeCMbHO, KaK MOKHO BUeETh M3 u3N4ecKnx 
cooOpaxeHui, ipH H3MeHeEHHH YaCTOTHI BO3OyKTeHHA NOBOPOT THaBHOrTO MaKCHMyMa 
JH B OWHYy CTOpoHy, Hallpymep, kK reHepaTopy, KOMMeHCHpyeTca NOBOPOTOM riaBHOrO 
nenectka JIH Ha Ty 2%Ke BeNM4MHY OT TreHepaTOpa Ad BxOa C NpOTHBONONOXKHO 
CTOPOHBI aHTeHHEI B [2] noka3aHo, 4To takue AP Geryuleii BONHbI MMeHWT 
H€YOBJICTBOPUTeENIbHbIC XAPAKTEPHCTHKH MO OOKOBBIM JIeMeCTKaM, TIOCKOJIbKY B TaKOli 
aHTeHHe KpaliHe TpyMHO peryMpOBaTb aMIWVIMTyHHOe pacnpenesieHve HCTOUHHKOB NOMA 
BAONb a@aHTeCHHbl. Eciiw peileTka BbINOJIHACTCA M3 OJMHAKOBbIX, HallpHMep, LI[eJIeBbIx 
QJIEMCHTOB, TO B 93TOM Cyyyae OGecMe4uMBaeTCA SKCIOHCHUMabHO- yObrBatroliee 
aAMIVIMTYHHOe pacnpenenenve Cc OAHOHM M Apyrol cropoun. Tipu TakoM aMnuMTyHOM 
paciipeyeneHHu CyLIeCTBeHHO BO3pacTaroT OOKOBbIe JenecTKH, papa mpw 3ITOM 
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yMeHbIIaeTCaA WWHpuHa riaBHoro MenectKa JIH, HO Bce xe pOocT OOKOBbIX JenecTKOB 
OKa3bIBaeTCA HEMONYCTUMO OOUIbUIMM. 

M36exatTb 3TOTO HeMOCTAaTKa MOXKHO, CCH HCHOUb3OBaTb HCCOBMCLIIICHHBIC 
JIMHeMHbIC ~AHTeCHHbY Geryiieli BONHbI, PaCcnOMOKeHHble PATOM HM 3aMMTaHHbie C 
NPOTHBONONOXKHbIX CTOPOH - OHA C ONHOKM CTOPOHb!, APyrad C NPOTHBOMOOKHOH. 
EcrecTBeHHO, Tora Ha KOHWaX TAKMX @4HTCHH MOYyT yCTaHaBIIMBaTbCA COraCOBaHHble 
Harpy3KH HW BCA TexXHuka Ww MeTOQuKa cuHTe3a AP Oeryule BOJIHbI C 3aqaHHbIMv 
XapaKTepHCTHKaMH HallpBIeHHOCTH, B TOM 4MCIe MW C MHHKMYMOM GOKOBEIX JICII€CTKOB 
JIH, MoxerT ObITE HCHOMb30BaHa Oe3 CNELMAI_HbIX JOMONHHTENbHbIX IKCMCPHMCHTOB B 
NOJHOM OObeMe. 

Jiu DeTanbHOTO CPpaBHUTeIbHOTO aHaJIH3a BCeX BAaPHAaHTOB LWIMPOKOMOJOCHbIX 
AP 6eryije BONHbI pa3spa6oTaHbl KOMIIbIOTEPHbIe MpOrpaMMb!, KOTOPbie NO3BONAIOT 
pErancnaTh JIH wn KH] npu napannenbHom w pu mocweqoOBaTenbHOM BO30yxKTeHHH 
V3 y4aOWHX 3JIEMeHTOB, a TakKxKe pw KOMOMHHPOBaHHOM BO30yXKDCHHH, TO-€CTb B 
cmyyae CeKIUMOHHPOBaHHbIX pellleToK Oombuimx oseKTpwHyeckux pa3smepos. Ilo 
pa3pa60TaHHbIM KOMIbIOTePHLIM MpOrpaMMaM MPOBEJCHbI AeTaNbHbIe pacuerTbl u 
NOWpOOHEI aHanH3 BCexX IpeaMOXRKeHHEIX BapHaHToB AP OeryuleH BONHEI Ha NpuMepe 
BOJIHOBOZHO-WenepoH AP 3-cm guana3oHa. B kayecrne JIMHHH Trepeqauy 
HCHONb3OBAJICA CTAHLAPTHbIN BOJHOBOA CeueHueM 23x10Mm. 

Tlpoananv3npyem ipexkyze BCerO BO3MOXKHOCTH YBCUIMYCHHA LWAPOKOMOJIOCHOCTH 
JIMHHBIX (4YNCIO were oKono 500, WupuHa riaBHOrO JenmecTka NO MOJOBHHHOU 
mMomuHOcTH ~0,2°) muHetHpix AP OeryljeH BONHEI C PaBHOMePHbIM aMIVINTYTHbIM 
pacnpeyeneHvem 3a cueT BO3OyKTeEHHA HX C ABYX CTOPOH HIM C CepeauHb!. IIpu 3sTom 
BHayane paccTOMHHe Me@KMy cOcexqHHMH Wenamu mogOupaetca Tak. 4TOObI Ha 
WeHTpanbHOw yacTote fo rmaBHEli MaxcumyM J[H npw ofHOCTOpoHHel 3anMTKe ObIT 
OPHeHTHpOBaH B HanpaBeHHH HOpMamM K aHTeHHe. Pacuetsr JIH Tako WHHeHHOL 
aHTCHHbI IPH ZBYCTOPOHHeM BO3OYKTCHHH MOKa3aIM, YTO HalipaBiwenve laBHOTO 
mMakcumyma JIH coxpaHseTca B TOM Ke HallpaBnenun HOpMasH (puc.1). OgHako, mpH 
OTKNOHeEHHH 4acTOTH! OT fo Ha 0,15% B rMaBHOM M&@KCHMyMe NOSBIIZeTCA MpoBan, 
KOTOPLIM mpu paccrpoiixe *0,18% mocruraert -8nb. [[pu 39TOM WMpwHa rmaBHoro 
JleneCcTKAa H3MCHACTCA HESHAYHTENbHO JIMIUUb B MONOce uactroTt +0,1%, a pH WasIbHeniwem 
YBeIMYCHHM YACTOTHI OHA PaCTeT MO SKCHOHCHIMAIBHOMY 3aKOHy. 


Pacuern JIH Toit xKe AaHTeCHHbI, HO 3ANMTLIBACMOH C CepeAHHEI, TAKKe MOKA3aIIH, 


yuTO B Nooce wacToT mpuHMepHo +0,1%, wMeeT MecTO cTaOnNM3aliMA HallpaBleHHs 
rnapHyoro MakcumMyMa JIH (puc.2). OngHako, kak HW B NipeybiqywiemM ciyuae, Mamee 
LIMpwHa riaBHOro JienecTKa ObICTpO yBeIMYHBAeTCA B HECKOJIbKO pa3. Takum oOpas3om, 
ycTpaHeHve adpdexTa wacroTHOTO CKaHHpOBaHHA B OCTpOHanpaBeHHEIx AP c 
PaCCMOTPeHHBIMH BbUUe CKEMaMH 3aNHTKH HaOsOMaeTCa WHIb B OYHb Y3KOM HoOCEe 
yactot. K tomy xe TakHe AP o6nayatoT BbIcoKuM KCBH 3a cuer “oddexta Hopmasn”, 
OHH M3 MyTei ycTpaneHua KOTOpOorO MmpH coxpaHenuu odpdextra cTaOumms3ailun 
HallpaBIeHHA TaBHOTO MakCHMyMa paccmMoTpeH HMxKe. C 93TOH LembIo ObUIM 
BLINONHeEHEI pacueTh! JIH munetinow AP, cocTosllet W3 DBYX paCnOsIOKeCHHbIX PATIOM 
MapayIeNbHbIX MOApewsleTOK, KaxKad H3 KOTOPLIX HMeCT OMHOCTOPOHHIOW 3alHTKy, HO 
B pa3HbIX HanpBieHuax. [aBHbll JlenecTOK KaxKTOW W3 MOApelleTOK OPHCHTMPOBAaH B 
HallpaBlieHwH OT HOpMasiM Ha BeNMUHHY MpumMepHo 1,5°, uro mocTuraetca 
COOTBETCTBYIOLIHM NOLGOpOM paccTosHu MexAy WeIAMM B NOApemeTKax. IIpH sTom 
10ka3aHO, YTO pH OTCYTCTBHU sexta HOpMasM 9Ta CxeMa 3anHMTKH OOecrIedHBaeT 
craGuM3aljMio HallpaBieHua rmapHoro menecrka J[H B OonbmeH momoce 4acToT 
(~0,15%) . Kpome Toro, CyHeCTBeHHBIM IIpeHMYLI€CTBOM €€ ABJIACTCA BO3MO2KHOCTb 
pealu3alHH aMMIMTyHOrO paciipeyeweHuA, OTIMYHOTO OT PaBHOMePHOTO, C WelIbIO 
MOaBieHHA OOKOBBbIX WeMeCTKOB. 
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BEIM BbITONHeMEI TakoKe pacuethl JIH uw mpoananu3HpoBaHbl 4aACTOTHBIC 
CBOHCTBa JBYXCCKIMOHHbIX HW YETbIPCXCeCKIIMOHHEIX AP, B kauecTBe CeKIIMH KOTOPBIX 
HCNONIb3OBAINCh PACCMOTPCHHBIe BLILWe BAapHaHTbl WHHeHMHbIX AP. Oxkas3amocb, 4TO 
YBeIMYeHHA WMpoKonoNocHoctu AP MOKHO WOONTHCA 34 CUeT perynHMpOoBKH (pa3bl 
BOSOyYKNeCHHA KAKO MODpewleTKH, 4 H3MeCHeEHHeM PaccTOAHHA Mey CeKIMAMH UV 
yncna were B MOMpeulerkax yaercH CYWICCTBeCHHO CHH3HTb ypOBeHb OOKOBBIX 
JICTECTKOB. 


Ili. 3anmouenne 


IlpopeneHHbI KOMMbIOTePHEIN aHaiH3 NOATBeEPAW BOSMOXHOCTH YBeIMYCHHA 
IHPOKOMONOCHOCTH JIMHeEHHEIX HW nOcKHX AP Oeryuieh BOUHbI TyTeM OMHOBPeMeHHOTO 
HX BO36yXKeCHHA C DBYX CTOPOH, BO3O0yxXTeHHA B CepeyMHe H TyTeM MapaswesbHOro 
BO3O6yxXTeHHA CeKUMH pelmieTOoK SOerymje BOmHbI. [loxa3aHbl BO3MOXKHOCTUH ycTpaHeHHA 
“ospdekTa HOpMasIM” B UIMPOKONONOCHbIX peleTKaxX TakHx TuNOB. Pa3pa6oTaHHBEIe 
asITOPHTMbI HW KOMMbIOTeEPHE!e MpOrpaMMb! NO3BONAIOT ONTHMH3UPOBaTbL BOJIHOBOHO- 
WICeBbI€, MHMKPONMONOCKOBbI€ WH Apyrwe aHTeHHbIe pelieTKH NO WMala30HHbIM UH 
HallpaBsICHHbIM XapaKTepHCTHKaM. 
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COMPUTER ANALYSIS OF BAND CHARACTERISTICS 
OF TRAVELLING WAVE ANTENNA ARRAYS 


Gorobets N.N., Gorobets Yu.N., Dakhov V.M., Zholobenko A.B., Katrich V.A., Kiyko V.1., Popov V.S. 
Kharkov State University, 4 Svoboda Sq., Kharkov-310077, Ukraine 
Bezludko V.Ya., Bondar S.G., Yatsuk T.N. 
SRIRM, 271 Akademika Pavlova St, Kharkov-310054, Ukraine 


Computer programs for analysis of the directivity coefficient and radiation patterns of the antenna arrays with current and parallel 
excitation of elements have been carried out. The different methods of excitation of the travelling wave arrays which allow to 
provide mainlobe pattern orientation into required direction at wide frequency band was proposed. The computer analysis of 
characteristics of the sectionaried arrays with the big electrical sizes has been carried out. 
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Anasm3 T-coeqnnenna I]-soanonona c npamoyrompnbim B E-nnocKocru 


KpppxanoscKun B.T., Paccoxuua FO.B. 
AOHeIIKMM rocyHuBepcutet, AoHeIIK, YkpanHa 


B padore Merogom OO0lJeHHEIX MAaTPHI, paccenHuA peulaercn samaua o 
audpakiMu BoNH Ha T-coexuHenuu I]-somHosoma c mupamMoyronbHbim B E- 
ngockocTn. PaccMorpeHbl Cilyuav BAKYYMHOYLO UW AMOeKTPMUeCKOrO 3allOHeEHUA 
pesoHaHCHOH OOJIacTH CBH3H BOJHOBOAHOTO TpOMAMKa. 


Baenenne. 3ayqaun WudpakWMu BOTH Ha YONKOBbIX MOBOpOTaX WH pa3BeTBIICHHAX 
IIPAMOYTONBHBIX BOJIHOBOJIOB paccCMaTpMBaIuch B padoTtax [1-6]. Kak moKka3aHo B 
[4,5], B TakKMx HeOMHOPOMHOCTAX GOJbUIyIO poh MIpaloT BBICLIMe Hepac- 
IIPOCTpaHAIOMecA THMbI BONH, OMpemerawUulwe pesoHaHcHoe moBezeHue 
YaCTOTHBIX XapakTepMcTHK. PesoHaHCHoe OTpaxeHNe Mayaouleh BONHbI Wpouc- 
XOMMT TIPM CoOBMaeHMM ee YacTOTbl C COOCTBeEHHOM uacTOTOM pe30HaHcHoH 
oomacTu CBA3M BoNHOBOOB. UacTorHble xapakrepucruku H-nnockocruoro 
TPpOMHNKA Ha TIPAMOYTOJIBHbIX BOJHOBOaX C AMIICKTPMKOM B OOaCTH CBA3K 
paccMoTpeHbl B [4]. Jia BoNHOBOZOB CUOXKHDbIX CeyYeHu aHannu3 T-coenuHenuii 
He Mpopoywsica. Kak yacTHbit ciyyal, B [7] mpoBexeH pacueT mpaAMoyrobHOrO 
mopopota c I]-BomwHOBoya Ha MpaAMOyroubHETi B E-nmockoctu. Paccmorpum 
Tenepb Oomee OOULyIO 3alayy O paccedHuM BOTH Ha T-o6pa3HOM pa3BeTBIeCHHn 
Il-pomHospoga B E-riockocTu. Bygzem peulaTh ee MeTOOM O6OOIIEHHBIX MaTpUL 
paccesHuad (OMP) ro mpoeKyMoHHo cxeme. 
Ocnosnaa yactTs. Vcrnon3ya mpvHuMn TeKOMMO3MIIMM WM MeTON 4aCTHUHDIX 
oOjlacTen, pasOuBaeM MCXOHy!0 OOJacTh Ha YACTHYHBIE MOLOOMAcTM CAEMYIOUIMM 
o6pa3om (puc. 1): o6macru I u Il - perynapHpre momy6eckoneynpre yuacrKn [I- 
BOJIHOBOLa C HallpaBJICHHeM MIpOOAbHOM OCH Z OT NepBoro KO BTOpOMy, OONacTB 
Iti - perynapHsm nomryOecKoHeyHbI MpAMOYOJIbHbIM BOMHOBOL wMpuHoO L<A. 
Oonactb IV - pesonancuaad o6sacTb CBA3H BONHOBOJOB IMHO Ww, paBHoit 
BLICOTe ITIPHMOyroubHoro BowHOBOMa III. YctpotcrBo wMMeeT ABE NOCKOCTH 
CHUMMeTpMN x=0 4 Z=w/2. B 3aBHCMMOCTM OT YCTHOCTH pacCMaTPHBaeMbIX THIIOB 
BOJH, B WWlocKocTH x=0 pacrioNaraloT 9eKTpMYeCKylO WIM MarHUTHYy!O CTeHKy. 
Cryyali 3leKTpMydecKo CTeHKM Tipu Z=w/2 (YeTHbIe MO Z BOJHbI BOMHOBOLA III) 
COOTBETCTBYCT TIPHMOYFOJIbHOMY ToOBOpoTy B E-MmOCcKOCTH ByYX He3aBHCMMbIx 
BOJIHOBOJOB [2]. 

CoracHo MeTony OMP, nose rHOpHAHbIX BOJH B peryApHBIX BONHOBOTAaX 
I-IIf ompegenaetca onextpwyeckuM WM MarHMTHbIM BeKTOopamu Tepua - maa 
BoMHOBOHOB I-H (0,0, Aji(e)) WU (0, Any) 0) Wa BomHoBoga III, - Koropsie B 
CBOIO OYepeb MpeAcTaBIaioTch B BME oOOoOmlIeHHOTO pana WDypbe no 
COOCTBEHHBIM BOJHaM KaKOM W3 YacTu4HbIx oOnacTeli. B o6mactu IV, kak 93To 
clemaHo B [3,4,7,8], Mone MmpeacTaBiaetca B Bue cynepnosuuMM rHMOpuaHEIXx 
BOTH jIBYX B3a€MMHO MTIeprmeHIMKyIAPHbIX BOJHOBOTOB C MOCTOAHHBIMU 
paciipocTpaHeHHsA B Z- UM y-HalipaBleHuu (9IeKTpwueckne cTeHKH pH y=B u 
z=0, Z=w COOTBeETCTBeHHO). TakuM o6pa30m, BekTop Tepua B o6OmacTH cBA3i 
MMeeT Be coctapiaoume (0,4), Amen), K@KIaL M3 KOTOPEIX 


packlalbipaeTcA MO COOCTBeHHbIM BOHaM oOsacTH IV. Komnonenta A/” 


Hz (Ez) 
packjiIaqbipaeTca TO COOCTBeHHbIM BOHaM II-BomHOBOa, a Aas - HO 


COOCTBCHHBIM BOJIHaM IIpxMoOyroybHOro BonHoBoZa III, mpwuem B_y- 
HallpaBIeHuu Moe OMMCbIBAeTCA CYMMOM CTOAUMX MOL (pH y=O0 BoNHOBOR 


3AKOPOUeH). S3HeECb, UCXONH M3 TeOMETPHM yCTpoOlicTBa, WIA KOMMOHeCHTHI yen 
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o6nacts IV nonomHuTenbHo pa30MBaeTca Ha gBe nosobnactu [Va u IVb u 
peulaetca 3anaua O paccetHHHH BONH Ha ITJIOCKOMONMepedHOM  CTbIKe 
IIPAMOYFOJIbHBIX BOJHOBOTOB [Va u [Vb, OMMWH W3 KOTOPbIX 3aKOPOUEH. 

CiimBad ToOmepegdHble COCcTaBJIAIOUIMe BeKTPWyYeCKOTO WM MarHuTHOro 
nomen, OMpesenAeMbIxX BeKTOpCM Aj,,,,,, Ha CTbIKe BoHOBOZ0B IVa u IVb c 


MCHONb30BaHHeEM OpPTOrOHaJIbHOCTH UX Oa3HCHbIX PYHKUMK, TOTYYMM MaTpPHLLy 
S,, CBASKIBAIOWLYIO AMILIATYMbI CTOAYMX BOH OOsacTH 1Va: 


(3')=8,(8-) (BY) =((Bi)(B%)) 
S, - jyivaive diag} jtgk}y 4} miei’ 


re (B*) - BCKTOP-aMIUIMTyYIbI COGCTBCHHBIX BOJIH pa3ioxKeHMA BeKTopa [| eplia 


Aru) HO COOCTBEHHBIM BOJIHaM, BKoOWaloulMe B ceOa Kak H-, Tak WM E-BosHBI: 


‘(B*) = (( Bz )( Be). BuIpaxkeHud WIA MaTPMUbI WIocKoMoneperHoro cTEika Mi¥a,1Vb 
MOXHO HaliTn B [7,8]. | 
CimmBas, aiee, monepeynble coctTaBraiouime nwonew Ha rpaHnlax 

yacTM4HbIx oOnacteh I-JJ] c o6nacrbio cBai3u IV au onyckad rpomMo3qKkue 
IIPOMEXYTOUHBIC BbIKIaIKU, MOWYIMM OecKOHEYHY!O CHCTeMY M3 Tpex JIMHeEMHbIX 
MaTPHUHBIX ypaBHeHWM OTHOCHTCIbHO HEM3BECTHBIX AMIIIMTYH MPAMBIX ( Vi) vw 
oOpaTHbx (R) BorH B OONacTax i=I-IIT: 

(V -R'+V" -R") = -diag}j-ctgk!w\(V' +R! -V" — R" )+[Q, + Oy (Vi +R"), 

(V' —R' -V" +R") = diag\j-cigk!w\(V' +R’ +V" +R")+[Q,-O,\V" +R"), (A) 

(vi - RK") - -w(y" 1 RM \4 F,(v" - R")- RIV! ft R’ 

re 

[, = diag{cosk)”’ gts, + diag} j sink,” gt; T, = diag} j sink)/"g\S, + diag} cosk;""g}; 

OQ, = a ie O,, = R Mioll yw Malin gl pg Warlll 

Orr > Ww ““W ? cs 2 | 


3Hech MaTpMlib! Qo, Foy) OMMCbIBAIOT CBA3b MOXTY pazsiMYHbIMM THMIAaMy 
BOJIH, PacIiIpOCcTpaHAIOINMXcA BO B3AMMHO-NepNeHAMKyIAPHbIX HalipaBIeHHAx. 
AHa@IMTMYeCKHH pacveT MHTeTPaIbHBIX BbIPAKeHHH WIA MaTpUL Oger, Form © 
MOMOLIbIO (OpMy BeKTOPHOTO aHav3a MOKa3bIBaeT, UTO OHM CBASaHbI 
COOTHOLUCHHMEM: 


ney = louis (2) 


~ 


Peulad CHCTeMY MaTPMYHBIX ypaBHeHHli (1) c yaeTom (2) OTHOCUTeENbHO 
HeM3BeCTHEIX AaMIVIMTYL OTpaoxKeHHbIX BOJIH, MOWVIMM OOOOLICHHYIO MaTpHIly 
paccesHua T-o6pa3Horo pa3BeTBieHua I]-BomHoBoga B BME S-MaTpHIIbI WecTH- 
TIOJOCHUKa: 


(R”) = 5, (Vv) (3) 


rye SIIEMCHTbI MaTPHUbI Ss OMPCHeIAIOTCA BbIPAKCHUSMN: 
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Sey = Ws'| MyS - M,(S*+2U)}} Sey = W;"| M,(S* +2U)- M,S"|; 
Ssas = We'| My M* - M,M~ +258, | 

Soi = 055[ Soa +S" Soup = 0,5| M”Soap + Sf Sg, =0,5M [Ss +U] 
So) = 0,5] M*So3, +57 Sgn = 0,5] M*Sou + S*h So, = 0,5M" [Soo + UI 


(4) 


a MaTpHIbI B (4) HMeIOT BUHL: 
W.=2U-M,M*+MM, 


Ua t j-diag\ctg(k!z,}}, Ca + j-diag\ig(k:2)}. Z,=w/2, 
So = Ui Ue Sp = Ue Ue S*=S, +8, (5) 
S,=(U+W)'(U-W); My, =(U+W)'F,o 


0 a(w)? 
M. =U. (F,+£), M,=Uf'(F,-R), M*=M,+M. - 

B ciyyae WM9IeKTpHyecKorO 3anloNHeHUA oGsacTu cBa3n IV B pa3yloxKeHHn 
BeKTOpoB Teplia 10 CoOCTBeHHbIM BONHAM 9TOM ObaCcTH MOMeCHACTCA TONBKO 
BbIPaKCHHA IX NOCTOAHHBIX paciipocTpaHeHudx cCOOCTBCHHBIX BOJIH HU 
COOTBCTCTBCHHO U3MCHATCH BOJIHOBbIC MMMewaHchl. OrTciowa M3MeHATCA 
oeMeHTE! MaTpHiy Mivalyb y Miva Ooumk Bu cVuCTeMbI MaTpIdHEIX 
ypaBHeHwh (1) He W3MeHMTCH, OZHAKO MOABATCH MMaroHasbHBie MaTPUUBbI, 
OMPeHeIAIOMUIMe OTPaxkeHNe BOH OT AMOIeCKTpHyecKON PTpaHULpl. 

IlonyyeHHad MaTpHlla pacceaHMA OMCbIBaeT BCe BO3MOXHBIC P@KUMBI 

padoTbl paccMaTpMBaemMoro maccMBHoro ycTpolictsa, MOCKOJbKy B HanOonee 
oouieh dopme oMmvcblBaeT JIMHEMHY!O CBA3b MexXILy AMIUIUTYIaMU WalaroulMx vu 
OTPa@XKCHHBIX BOJIH TPOMHMKOBOrO pa3BeTBIecHHA I1-BomHoBona. 
Pe3yibTaTh! pacyera. Uncnennaa pearn3aunsa asirOpuTMa pacueta S-MaTpHLDbl 
BOJHOBOZHOTO TpoMHMKa B E-nocKoctu ya I]-BonHopoga ppBitomeHa c 
TIOMOLMIbIO KOMIUVIeKkKca TporpaMM B cpee Borland Pascal na TI9BM tuna 
486DX-80. TIpu pacuete yaurprpanoch mo 12 co6OcTBeHHEIX BonH H- v E-Tuma; 
KpHTMyecKHe YCNa COOCTBEHHBIX BOH J[]-BomHOBo_a paccuuTaHbl MeTOOM 
YACTHYHBIX OOACTeH MO MpoOeKITMOHHOM cxeMe C TOUHOCTbIO 0 s=10-4, npn 
STOM YUMTbIBAIOCh He MeHee 30 uneHOB psga @yppbe. Ananu3 ycTpoiicrsa 
MpoBewenH B WWala3soHe FacTOT, B KOTOPbIxX Oe3spa3MepHbIt YacTOTHBIM Mapamerp 
K=(2n/A) A MCHACTCH B penenax 2/2sK<2n. 

/lisat cayyaeB wmMpokoro uw y3kKoro I]-BonHOBOonOB GOBLIN paccyuMTaHBl 
YACTOTHBIC XAPAKTEPUCTUKM KOIPMULUMCHTOB OTPAKEHHA UM Wepetayw BONHBI Hio 
B 34BMCUMOCTH OT BbICOTHI TpeOHa I]-BomHoBoga d, OT WIMPMHbI We Ww HM OT 
3HadeHUA AMOICKTPMYECKOM MOCTOAHHOM € B WMamla3soHe YacToT «=1,6-6,5 [8]. 
M3 pe3yibTaToB pacueTOB CueMyeT, YTO B 3ABMCMMOCTM OT 9TUX MapaMeTpPoB 
YCTpOMCTBO MOxXeT paOoraTh M60 Kak JeIMTeb MOLIHOCTU, mH60 Kak 
lurekcep (paw HeCMMMeTpHYHOM BO3byxKTeHHM WIA GOJbULMX dx),8b) B 
3aJ[AHHOM JMama30He YacrToT. 

B xkayecTBe MmpwMepa pacueTa, Ha pwc. 2 MpeacTaBNensI YaCTOTHBIe 
XapakTeCpUCTHKM eMTeNeM MOLWHOCTH WIA CHMMeTPHYHOTO BO3byKTeEHHA 
y3koro (KpuBaa 1) Ww wupoKoro (kpuBaa 2) T1-BonHoBponos BoNHOM Tuna Ho. 
CHIOWHOW JMHMeH MoKa3aHbl Koop pUUMeHTHI mepelaqu, MYHKTMpHOW - Ko9sd- 
@UUMEHTHI OTPAKeHHA. 

PesoHaHcHoe MOBeeHMe UaACTOTHDIX XapaKTepHCTHUK TpOMHMKa pu s>1 
(pic. 3) cBa3aHO c BO36yxKTeHHeM B JMOeKTpMuecKOM pe3oHaTope OovJIbIero 
WHCIa PacipocTpaHsoulMxcA MOT (“3aleprbie” MOBI), YEM B TOABOAAUMX 
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Tleqax, WM MC2XMOZOBbIM UX B3aMMoTehcTBveM [4,5]. C yBenuueHuvemM 3Ha4¥eHuA 
HMSNeCKTpMYeCcKOM TIOCTOAHOM © MepeyqaTOUHble xXapakKTepMCTMKU TpolHuKa, 3a 
MCKINOUCHMEM OTHCJIBHEIX PC3OHAHCHHIX MMKOB, 3HAYHMTeEIbHO YXYMMIAalocd 3a cyeT 
OTPaxXeHUK OT JASIeCKTpiKa. 

CrpeikaMu Ha OOOMX pMCyHKax TO ocM a6Uulcc OTMe4CHbI BepXHHe 
rpaHMub! OFHOMOOBOTO pexHMa padoTsl ycTpolicTs. Pe3yrbTaThl pacueros 
MOKa3bIBaIOT, YTO B pacCMaTPHBaeMOM AMana3s0He B BHICLIMe pacmpoctrpaHsa- 
lOUMeCA THMbI BOJIH TpeoOpa3yeTca HeOoNbIIad Moa (He Oomee 0,04) MoutHocTu 
BOJHE! Hj9. Ip sTom, cyluecTBeHHylO powb B Mpowecce nepexagu SHeprun B 
NepHeHIMKYIApHble WIew Urpalor HepacnpocTpaHsrolimMecs BOWHEE E-Tua. 
Jakmovenne. Takum o0pa30m, Metox OMP u pa3pa6oTaHHble Ha ero ocHOBe 
mporpaMMbl pacyeta J-coeaquHenua I[]-BorHoBO_a Cc MpaAMOYrONbHbIM B E- 
NAOCKOCTH MO3BOIAIOT MpOaHaiH3NpoBaTb ero Ha SIEKTPOAMHAMMYCCKOM ypoBHe 
CTporocTHw c jOOOKM cremeHbio ToUHOcTU. B pe3ynbtTare yYuceHHOrO aHasi3a 
YCTPpOMCTBa BbIABJICHLI OCOOCHHOCTH MOBeReHHA M pe30HaHCHbIe cBOLCTBA 
YAaCTOTHBIX XapakKTeCpMCTUK TIPM pa3JIMYHbIX TeOMeTpM4eCKUX TapaMeTpax u 
3HAYCHUAX JMSIICKTPHYeCKOM MOCTOAHHOM B OONaACTH CBA3M BONHOBONHOFO 
TpoMHuka {8|. Vis ananm3a pe3ynbTaTOB pacyueTOB cylekyeT BO3MOXKHOCTb 
HaxOXKJCHUA TaKWX YTeOMeTpMYeCKUX TapaMeTpOB BONHOBONOB UW 3HayeHuit 
TMON€KTpMYeCKOK MOCTOAHHOU, KOTOphle OOechHeuMBaoT HEOOXOMMMBIe 3HAYeHUA 
KOIPMULMCHTOB Nepetayu B 3aqaHHOM MHTepBasle YacTOT. 
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Puc. 1. UWponzomyHoe u monepeyHoe ceyenue T-coenuuenua I[I- 
BOJIHOBOa C Ii{PAMOYFOJIbHbIM B E-m1ocKocTH 
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1.5 2.5 3.5 4.5 55 |} 6.5 
1: c=0.155; b=0.5; d=0.3; L=0.95; w=0.55. 
2: c=0,155; b=0.9; d=0.75; L=1.0; w=0.95. 


Puc. 2. GacrorHble xapakTepHcTukM JenMTeneli MOLHOCTM Ha y3KOM (kpyBaa 1) 
M WMpoKoM (kpuBas 2) [1-BorHoBoyax Wid BONHDI THITa Hp. 


IS\5 231-48 





2.5 3.5 AS 55 6.5 
1 — e=1; 2 -— s=2.1; 3 - s=4.75: 4 —-— 2=9.8. 


Puc. 3. Uacroruble xapakTepucTuku KosdulMenta Nepenauu Bom H 10 MAA 
CUMMCTpH4HOrO BO3byxKTeHHA T-coequHeHuA NpAMoyrombHoro vu II-BoHOBOOB 
Cc pa3Mepamu c=0,155; d=0,3; b=0.5; L=1; w=0,25 B 3aBHCMMOCTH OT ¢. 
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MFASMOXUMUYECKKM PEAKTOP C 3AMKHYTbIM DPEM®OM OsIEKTPOHOB 
ANA NPOMSBOACTBA SNEMEHTOB C CYBMUKPOHHbIMU PASMEPAMV 


FOR THE PRODUCING OF ELEMENTS WITH SUBMICRON SIZES 
V.M. Konoval, V.V. Ustalov, O.A. Fedorovich 


NASMOXUMUYECKAA TEXHONOrMA B NPOUSBOACTBE 
CBY-YCTPOUMCTB C CYBMUKPOHHbIMU PASMEPAMM SlEMEHTOB 


WITH ELEMENTS OF SUBMICRON SIZES 
V.M. Konoval, V.V. Ustalov, O.A. Fedorovich 


BIMAHVE MAPAMETPOB AUOACB C ABYXBAPbEPHOK KBAHTOBOM CTPYKTYPOK 
HA PABOTY YMHOXKUTENEM YACTOTbI HA UX OCHOBE 


TO WORK OF FREQUENCY MULTIPLIERS ON THEIR BASE 
S.I. Sanin, E.D. Prokhorov, A.V. Diadchenko 


KOMMIEKC NPOTPAMM MOJENMAPOBAHVIA HAHOOMEKTPOHHbIX MPUBOPOB HA 

OCHOBE SO®MEKTOB OAHOSNEKTPOHHOrO KU PESOHAHCHOrO TYHHENVPOBAHMA 

Vi... ASpamos, M.A. Tonyapenko, E.P. HOBuk, VB. LID eMeT......c.cccccccssscsscssecesssscsessecessececcvesescececeseoeseceecesececc. 294 
A SIMULATOR FOR COULOMB BLOCKADE AND RESONANT TUNNELING DEVICES 

Il. Abramov, |.A. Goncharenko, E.G. Novik, I.V. Sheremet 


OSKCUTOHbI B NONYNPOBOAHMKOBbIX UH KEKLIMOHHbIX NA3SEPAX 
HA OCHOBE KBAHTOBO-PA3MEPHbIX CTPYKTYP : 


ON QUANTUM WELL STRUCTURE BASIS 
V.M. Vantsan, A.G. Pashchenko 


CARRIER TRANSPORT PHENOMENA IN SCH QUANTUM WELL LASER DIODES 

FOR MICROWAVE FIBER OPTIC TELECOMMUNICATIONS SYSTEMS | 

W. Freude, 1A. SUKHOIVaNOV...........ccsssssscsecesnsssssensosssessstessrerssorsevsssereuarecsassvseseessecececee, eo lac prusei heated Deiat oa it 303 
QJOODOEKTbI NEPEHOCA HOCUTENEN B KBAHTOBOPA3MEPHbIX NA3EPHbIX QUOAX C 

PASHEJIbHbIM OFPAHVYEHMEM ANA ONTOBONOKOHHbIX CUCTEMC CBY-NOQHECYLIEN 

B. Oponge, V.A. CyxonsaHos 


Cnoco6Hoctb mogynaynn CBY curHanamu MUNMNUMETpPOBOrTO Avana3soHa Na3sepHbIX AVOJOB Ha OCCHOBE KBAHTOBO- 
PaSMepHbIX CTPyKTyp C pasAeNbHbIM OfpaHAYeHHeM AKTMBHOTO CNOA 3aBUCHT OT OCOBeHHOCTeM MepeHoca HOcMTeNel B 
KBaHTOBOM cnoe u OoOnacTu orpaHuyeHwA. PaccmaTpuBalotca npoueccpt AMEUNONAPHONW AMcbcby3snMu HOCMTenei uv 
BbISBaHHbIG €l0 W3MeHEHMA BPeMeHM KUSH HOCHTeNel Npv ManocwrHaNbHOK MOsYNAWUMK ToKaMy, NPeBbIWAaloLMMi 
noporopoe sHayenve. MonyyenHble pesynbTatb! OOcyKgalOTCA C TOK 3PEHMA CBOLCTB BbICOKOYPOBHEBON MOAYNALMH. 
Moxasavo, YTO He TOMbKO YCMNeHve, HO M BpeMA KU3HH HOCMTeNell B O6nacTn OFPAHAYGHUA 3ABUCHT OT TOKa MH KEKLMH. 


OSYKTYALIMOHHO-PENAKCALIMOHHAA HEYCTOMYMBOCTb UV FEHEPALIVA 
BENOrO LUYMA B PESOHAHCHO-TYHHEJIbHOM CTPYKTYPE 


GENERATION IN RESONANT-TUNNELING STRUCTURE 
0.T, Gavrilov, |.1. Kvjatkevich, |.A. Obukhov 
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NHAASMOXUMUYECKKK PEAKTOP 
C 3AMKHYTbIM DPEV®OM SNEKTPOHOB 
ANA NPOVSBOACTBA 3NEMEHTOB 
C CYBMUKPOHHbIMM PA3MEPAMV 


B.M. Konosan, B.B. Ycranos, O.A. Penoposuy 
CKTB ¢ Of7 HL ““acmumym Sdepupix Uccnedoeanuti" 
252028, Kuee-28, np. Hayxu, 47, men. 265-24-36, qdaxc 265-44-63 


AxHomauus - Dnasmoxumuuecknit peaxtop (FIXP) npegHasHayeH ANA NpelvsvoHHoro TpaBneHMA MeTasinos, 
NONYNPOBOAHUKOB, AVUSNEKTPUKOB KM BbICOKOTeEMNepaTyPHbIX CBEPXNPOBOAHMKOB C MUKPOHRbIMM 1 CYOMUKDOHHbIMUM pasmMepaMi. 
MXP MOxKeT NPUMeHATbCA B TexHONOrMMeCcKX MPOeccax M3rOTOBNeHUA Sonbwux WM CBEpxGonbWUXx WMHTerpaNbHbIX CXeM, 
SnemMeHTos CBU, uHcbpaKpacHoli TexHMKy WH AD. XAMUYECKM akKTMBHaA MN HelTpanbHan miasma o6pasyetca B BY - pa3pane B 
CKPELEHHBIX §=MarHvTHOM WM SNeKTPYYeCKOM nonsaAX MexKay ABYMA oxnaxkgqaembimn SMekTposaMM: MHOTOrpaHHoOw npv3smoii u 
SASEMMECHHEIM WUNKHApOM. TIXP mMoxeT pa6otaTb Kak B pexXUMe MArKOrO TpaBNeHuA (C MVHUMANbHEIMY pagvalCHHbIMi 
NOBpexZeHVAMY), Tak MB pexkume pacnbinenua. HanpsKenve ABTOCMELIEHUA MOKHO MEHATb OT 40 Ao 1000 B c nomoutbio 
MarHuTHOrO NONnA W BCNOMOraTenbHOoro reHepaTopa CMeLeHMA. SaMKkHyTbIi4 Apevic) snextpoxos no3sBonnet n36aBuTECA oT 
Apevdosplx HeycToMuuBocTei MW NOBbICMTb PaBHOMEPHOCTb TpaBneHuA fo BCe4 oOpabaTbiBaemon nnowagu. Nonyyexbt 
CYSMUKPOHHbIE pasMepb! SNEMEHTOB CBY-TpaH3ucTopos. 


|. BBenenue 


B nocnegHve rogbi ace Gonee LuupoKoe NPVUMeHeHKEe HaxOgAT npuG6opel, o6opygoBaHve uv GolTOBaA 
TexXHuka, padoTtaioujan B CBU apManasoHe pagnosonn. Ana paspa6orTKn v w3sroTOBNeHUA KOMMNeKTYyIOWIMX 
ANA ycTpoiicts, paOoTatoumx B 9TOM AMaNasoHe, HeoOxogumMo nonyyaTb MUKpDOHHbIe Mu CyGMUKDOHHbIEe 
Pa3mMepbI SNEMEHTOB. 

B To *e BpeMA CepuiiHO BbINycKaeMoe B cTpaHax CHIT o6opyfoBaHve gana nnasmoxumuyeckoro 
TpaBneHna UW SonbluivHcTBO MMNMOpTHOrO He No3sBONAeT nonyyatb CYOMUKPOHHbIe pasMepb! aNemMeHTOB, YTO 
CBA3AHO C BONbLUIMMU SHeEpruAMU MOHOB B YCTaHOBKaX, KOTOPble NPUBOAAT K ObICTPOMy pa3pyLUeHUtO choTo- 
WM SHEKTPOHOPe3UCTUBHbIX NOKPbITHA. UmnoptHoe o6opyfoBaHve, npuvrogtoe gana NONYYCHUA TAaKMX MasbIx 
Pa3sMepoB SNEMEHTOB UMEeT CTONMOCTb Bonee 250 Thic. fonnapos. flostomy Heo6xoguma pa3pa6orTka, 
USTOTOBNEHME MW TexHONorMueckne VCNbITaHMA NNasmMoxumMNYecKoro ObopyfoBaHvA C MaNnbIMU SHEPrMAMU 
MOHOB, NOSBONAMUIEE pelaTb MHOrMe BOSHMKAaIOLIMe 3anauu, B T.Y. CBU-3neKTpOHMKM VM CO3faBaTb HOBbIEe 
BUAbI KOHKYPeEHTHOCNOCOGHOK NpogyKynu. OAHUM v3 nnasmoxumuuecKux PeakTOpoB, NO3IBONAMWWINYX NonyYaTb 
CYOMUKPOHHble pa3smMepb! anemeHToB sBnAetca MXP c 3AMKHYTbIM APEAOM SeKTPOHOB, B KOTOPOM MOXKHO 
oOpabaTbiBatb OAHOBPeMeHHO AO 9 nnacTuH AMamMetpom 100 mm. 


Il. OCHOBHaA YacTb. Anasmoxumuyecknit peakTop 


Aina mna3smoxumuyeckoro TpasneHua nneHoK MeTannoB, AWSNneKTpYKOB U NonynpoBogAHuKoB c 
CYOMUKPOHHbIMM pasmepamn pa3spaboTaH M1 MOACPHU3UpOBaH NO pe3synbTaTaM UCNbITaHMK nna3smMoxuMMyeckni 
PeakTOP C 3€MKHYTbIM Apekchom snektpoHos [1]. 

Kak yke OTMeYanoch, ANA NonyyeHuA CyOMUKDOHHbIX Pa3MepoB 3NeEMeHTOB -Npv NNasMOXuMUYeCKOM 
AaBneHuu HeoOxogum MXP c Hu3KOH sHeEprue HOHOR. CnepyeT OTMeETMTb, YTO CHUKEHVE SHEP VOHOR V1 
YMEHve YNPaBNATb STON SHEPrue ABNAeTCA rnaBHbiM NpK paspaboTKe MXP ANA NpelyU3sKOHHOrO TpaBNeHuA 
vanenui. NXP Cc 3aMKHyTbIM Apelicbom sneKkTpoHoB no3sBonAeT YNPaBNATh SHEpruen UOHOB OT 20 3B Ao 1000 
9B UM paOoTaTb Kak B pexKuMax TpaBneHvi 6e3 PaAWalMoHHblx NOBPEXAeHKU MNeHOK U HWKENexKaLUMX CNoeB 
Np MasibIX SHeEPruAX KOHOB, Tak VW B pexkuMaXx pacnbineHu. B OcHOBy [IXP nonoxkeHbt ABe BaxKHewue 
NNa3sMeHHble = pa3spaOoTkKu: mNasMeHHaA NMOByLWwKa SNeKTPOHOB C Ma@rHVTHbIMM npoOkamu uv Bu-paspagq B 
CKPELUCHHOM MarHiTHOM mM snekTpyyeckux nonax. Ho 8 O6bINHOM nMNaHapHom peakTope Co CKpeLeHHbIMU 
NONAMM BOSHUKaeT Apevdbopan HeycToviunsocTb [2], mpvBogAuan « CYLUECTBEHHOMY YXYALUEHHIO 
PABHOMEPHOCTH TpaBneHuA OOpabatbiBaembIX NNacTuH (fo +15% Ha @ 100 MM) [3] 4 Ttpe6yeT ckaHnpoBaHua 
MalH¥THOTO MONA C NOMOLUbIO CneyWanbHoro HUsKOY“AaCTOTHOrO reHepatopa. [INA YacTHUHOrO ycTpaHenwun, a 
TOMHEe 3aMbiKaHWYA NO KPyrOBOMy ABWKEHUIO 9nekTpuyecKon pelicosol HEYCTOMYUBOCTY, NNaHapHbin 
peakrop Obin npeo6pa30BaH B " Tpvon", unu MXP c 3AMKHYTBIM Apecom anekTpoHos. B peaynbTaTe Takoi 


paspaOoTkn yAanocb yNYYIVTb paBHOMepHocTs TpaBneHuA o6pa3yoB Ha nnowagn 100 x 300 mm” Ao +5% 
COOTBETCTBEHHO Ha KaXKAON M3 TDeXx rTpaHel Npu3Mbl. 


Marepuaan 6-i1 Meaaynaponnoti Aeamcnot “Aaxposoanonoit Aanhepenuin AperHaRa'G6. 16-19 cenrabpa 1996 r., Cezacranoab, Kpnim, Y«panna 
Proceedings of 6th International @eemean “Mécrowave Conference CrivIt2s'G6 . 16-19 September 1996, Sevastopol, Crimea, Ukraine 285 





Paspag 8 MXP o6pa30BbiBancrA B CKPELUGHHbIX SFIEKTPMYeCKOM VM MarfHUTHOM MONnAX MexDY ABYMA 
snexTpogamu. Mepsbiit v3 HX - AKTHBHSIM, K KOTOpomMy npuknafbipaeTcaA BU-HanpsAKeHNe OCHOBHOrO UCTOYHMKa 
Toka (13,56 ml), H3rOTOBNeEH OH 3 Hep xKaBelolel cTanu B BUS TpexpaHHoK, OxnaxgaeMon BOZOK MpV3Mbi, 
Ha fpaHAX KOTOPOM pasmeuialoTcA oSpabaTpipaembie o6paaubt. BropbIM pa3pAAHbim oNeKTPOAOM ABNAeTCA 
LIUNVHAPUUeCKMA 3a3eEMNEHHbIA KODNYC YCTAHOBKM, TakoKe U3FOTOBNeHHbIA U3 HepxKaBelOLWeW cTann u 
OxNaxaeMbl4 NPOTOUHOK BOZOK. KoHcTpyKijua AONONHANAaCch ABYMA OxNaxgZaemMbiImMi BOOK aneKTpofamn, 
KOTOpbIe HaXOAATCA Nog MmNaBaouwMM NoTeHWManomM nna3mbl. OHM NpegoTapaiianu mpobon uw ropeHue 
pa3pAga Ha BepXHUK anekTpog uv B Hacoc. MarHuTHoe none NpoBouHou KOHdburypaliMn no3ssonuno yBeENUNUTb 
cTeneHb VOHU3alNnK paboyero ra3a B OGNacTu NpocTpaHcTBa MEXAY OCHOBHbIMM PasPAAHbIMK sneKTpoAaMn Vi 
CHV3UTb NOTEPV NNa3sMbi 3a CYeT YXONA SNEKTPOHOB B pesynbTaTe Guaddy3uu. MarHuTHoe none co3qaBanocb 
MPU MOMOLWIM TpeX KaTYLUEK, BKNIOUECHHbIX CUHDa3sHo. HanpsKeHHOCTb NONA BAOMb BCeN pabouev rpaHy 
Mpv3Mbl HE W3MEeHANacb. Hanyck paGbovyero ra3a OCyWueCTANANCA CAUMMeTPKYHO B BepxHew yacTu TIXP, a 
OTKaYKa NPOBOAMNAaCh BHYZy C NOMOLUbIO NMapOMaCcNAHHOrO Hacoca (H-2T, Npou3sBoguMTeNnbHocTbIO 1500 n/cek) 
vniw dopBakyyMHoro YBX-14-066 (npou3sBoguTenbHocTbiO 16n/cek). KOHTpanupoBanvch BCce BHeLIHMe 
napaMeTpbl pa3spafa: pacxof, fa30B, TOKM B pa3pAge, NafeHve HanpAKeHWA Ha pa3pAge, HanpmKeHve 
€2BTOCMELIIECHUA, NMPOBOAUNCA KAYeCTBEHHbIN aHaNnv3 COCTaBa NNa3Mbl, ABMEPANUCh OTHOCUTeNMbHOoe AAaBNeHHe 
B MXP uw Ap. napametpsl pa3spaga, HeoOxogumMple ANA BOCNpPOU3BOAMMOCTH ycnoBui paspAga uv NnonyyYeHna 
BOCNPOU3BOAMMbIX Pe3ynbTaTOB TpaBNeHunA. 

fins monyYeHuvA XUMUYeCKM AKTMBHOU Mia3sMbl Vcnonb3soBanu BU-reHepatop c yYacToToK 13,56 MI 
MOLUHOCTbIO 4 KBT. YuuTbIiBan, YTO compoTMBNeHve NMNa3mMbl, kak Npasuno, Bcerfa MeHbLWe BONHOBOrO 
COMPOTMBNeHWA BbIXOAHOTO KacKafla reHepaTopa Vv COeAMHUTeNbHOrO KaBena (75 Om), QnA cornacoBaHnA 
reHepatopa c MNa3MeHHOK Harpy3KOW ucnonb30Banocb cornacylouee yctpovictso. Tipopogunacb TawKe 
cTaOunu3zauvA toKa BY pa3sprga npuw NOMOLIM CneyManbHo pa3spaSoTaHHoro ycTpoucTsa, ynpasnaAemoro np 
NOMOLWM O6paTHou cBA3H. 

B onucaHHomM pexuma paboTbl YCTaHOBKU MO)KHO V3MEHATb HanpAKeHKe aBTOcMeLeHUA OT 100 B AO 
200 BU TpaBUTb HeKOTOPbIEe MeTaNNbl MW NONYMPOBOAHUKH C MVKDOHHBIMM UW CYOMMKDOHHbIMU pa3smMepaMmu. 
Onnako, npw nepexoge Ha cYOMUKPOHHbIe Pa3sMepbi BbICOTa 3ALVTHOM MACKH COTO- UNM BNeKTpOHOpesncTa 
HOMmKHa HeEN36E.KHO YMeHbLUATbCA, NOSTOMY BOSHUKaeT NDOONemMa NNA3MOCCTOMKOCTM PE3UCTMBHbIX MacoK. Ee 
MOMKHO Pe@LUWTb TONbKO OAHMM NMyTeM - CHWKEHVeM 9HeEprMun SomObapAMpylOlulUux MOBEPXHOCTb WOHOB, T.é. 
CHYKEHNEM HanNpAKeHNA aBTocmMelweHuA fo 20 - 60 B. ANA yMeHbWeHUA TeNNOBOK Harpy3kKn Ha 3aLUWTHYIO 
Macky TakwKe HeOoOxogumo cHYMKeHNe SHEpruM VOHOB go 20 - 60 3B, a B CBA3KH Cc 9aTMM HeOobxoguma 
MOMePHV3aUVA moia3smoxumuyeckoro peakTopa. [jpyrov npuynHonw mMogepHu3aunun MXP GSbina HeoOxogAMMoctTb 
CTbIKOBKM @fo Cc Apyrow BakyyMHOM 6a30” (NPOMbILUMEHHOUW nmna3sMOxuMMueCKONM YCTaHOBKM TpaBNneHUA Tuna 
"KAPTEP"). B cBA3u c OTUM Gbin NONHOCTHIO NepeseNnakH CTbIKOBOYHbIM y3eN VW CAeNaH HOBbIA MNa3smMoracuTenb, 
MpemoTapawatolwwuiH npo6ov npu3mbl B OTKaYHYyIO TpyOy u Hacoc. Boln u3sbaAT oxnaxgaemMbiA nnaBarouwwn 
9nekTpog c mnasmoracutenem. BmectTo BCcero CTbIKOBOUHOrO y3na, MpycnocobneHHoro kK BakyyMHOM Ga3e 
yctaHoBok YBH-73 uv YPM 3 279.053 u apyroro Tuna, Sbin paspaboTaH HOBbIN BaANNAHT CTbIKOBOYHOrO y3na. OH 
6biN V3rOTOBNeH U3 HepxaBeroulen cTanv, HeOxnaxkgaembi, C NOCAZOUHbIMU Pa3sMepaMn, NOSBONRIOLIYMM 
fePMETMYHO YCTAHaBMUBaTb ero Ha OTKAYHY!O ToyGy ycTaHoBKY "KAPTEP" nocne nemMoHTaxka ee akTWBHOrO 
Da3PAAHOTO anekTpoga, V3ONATOPAa NO HUM VW WTaTHOrO Mmna3smMoracuTena, KOTOPbIZ B DECATKM pa3 YMeHblwWaN 
CKOPOCTb MpOKauKUY YCTaHOBKY. Ha CTbIKOBOUHbIA y3eN yCTaHaBNUBaNnach HYMKHAA KaTyLuKa MarHUTHOrO nona, 
KOTOPaA OLHOBPEMEHHO NpPWKUMAaNaA CTbIKOBOUHbIN y3en Yepes pe3vHKy K HMKHEMY dbNaHliy YyCTaHOBKU 
"KAPTEP”. HwkKHMuKM cbnaHell HapyxXHOro pa3spAgHoro anekTpoga TepMeTUYHO NPWKUMAETCA K CTbIKOBOYHOMY 
y3ny TpeMA ravikaMu Yepe3 BEPXHHOlO YOMOTHVTeNMbHYKO pe3svHKy. DuKkcalWA CTbIKOBOYHETO y3na NO LWeHTpy 
BakyYMHOU Ga3bl ycraHoBKu "KAPTEP" nposogunach Gnarogapa BbICTyYNalOLUeH Hag HWKHYM dnaHyem Ha 20 
MM OTKAYHOK Tpy6bl ycTaHoBKY. BHYTPeHHUYM AvaMeTpP CTbIKOBOYHOrO y3na ObIN U3rOTOB/eH Ha 1 MM Gonbiwe, 
YEM HapyKHbIn DVAMeTp OTKAYHONM TpyObI U NpakTMYeCKNK MNOTHO dbukcMpoBanca Ha Hen. KaTyLuKW MarHuTHOro 
MONA - BEDXHAR UW HWOKHAR, OGvHaKoBbie no AMaMeTpy UM KONWYeCTBY BYTKOB, BEICTABNANUCh CUMMETPKYHO 
OTHOCUTENbHO MpM3Mbl, CpeQHAR - (ANWvHHaA) ycTaHaBnuBanacb MocpeAnHe Mpu3mbl. C NMOMOLIbIO TpeX 
KaTYLU@K MarHuTHOrO Nona, nyTem nog6opa TOKOB 8B HUX, BbLICTaBNANOCh paBHOMePpHOe MarHuMTHOe None 
BOONb BCeA npvsmb!l. B BepxXHev YW HYWKHEM YAaCTM YCTAHOBKMY BONW3N COOTBETCTBYIOLUMUX KaTyYWeK Harpsa- 
*KEHHOCTH None Gbinu Sonble, ¥TO co3gaBano NOGboyHble KOHduUrypauMu MarHUTHOrTO nonsA. HanpsxKeHHocTH 
nonevi MOKHO 6bINO NNaBHO MeHATb B Npegenax O- 200 93 UU TakKuM OOpa30mM 3aMarHNYUBaTb SMeKTPOHbI, 
ynpaBnan Ux Avcbcby3sveu, a COOTBETCTBEHHO MW Ha@NpAKEHNeEM ABTOCMeLIEHNA (SHEPrMeU WOHOB), a TakoxKe 
CTeNeHbiO VOHVM3alMU MmNa3Mbl. BOSMOKHOCTh YNpPaBNeHVA SHEPruAMU VOHOB NPM NOMOLUM sneKTpNYeCKUX U 
Ma@rHVTHbIX mone’ ABNAReTCA CaMbIM fNaBHbIM MpPeNMYLUECTBOM MNaSMOXUMMYeCKUX PeaKTOPOB Cc 
pDerynupyeMbiIMU MarkUTHbIMYA MONAMM Ki NO3BONAeT pelWaTb pa3Hble 3aga4v B MMKpOSNeKTpOHVKe  ¥ 
QNEKTPOHHOU TeXHuKe, KOTOpbIe He yHaeTcA pewWaTb Ha O6bIMHbIX [XP 6e3 MarHVTHbIX nonen. 
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B pe3ynbTaTe TexHonormueckux venbiTaH4i MXP ¢ 3aMKHyTbIM Apelidom SNEKTPOHOB NONYYeHbI 
SneMeHTb! CBY TpaH3ncTOpos N3 MNeHOK ANKOMMHMA, @ TAaKKeE CNOKHbIX NOCNOMHbIX MINeHOK U3 monu6sexa, 
BOnbdpama MW 30N0Ta, HaMbINeHHbIX Ha apceHug rannus, c pasmMepamnu fopoxek > 0,5 MKM “ rny6uHow vO 
0,9 MKM c pa3mMepamu ujenei mMexgy fopoxKkamu > 0,5 MKM aHuzotponuen 7-10. Yaanocb TakwxKe 
NONYUTb cTONouKu KpeMHuA Cc pa3mMepaMu AvaMeTpom 0,2 MKM, BbICOTOM 0,5 MKM. Paspewaroular 
CNOCOCHOCT TpaBneHuA onpegenAnach pa3spelliatoujen cnocoGHocTbIo naATorpadun. Inv cHATUA gapAga c 
NOBEPXHOCTHK AMSNeKTPUKa NPUMeHANCA cnheuUvianbHo paspaboTaHHbi4 BU-reHepatop MOLUHOCTEIO Ho 200 Bre 
perynuposxow yactote! ot 100 KFy ao 500 Kfu. 


lil. 3aknioveHne 


PaspaSoTaHHbih mna3sMoxuMUyecKiii peakTop mo3sBonmeT nonyyatb CYOMUKPOHHbIe §=pa3sMepbi 
SNEMCHTOB BINeHKaX 30NOTa, ANMOMUHKA, BONbdpama, MoNvOGAeHAa, a TaKKe B KPEMHUM VM Ap. MaTepuanos, 
YTO AaeT BOSMOXHOCTh NpoW3sBOANVTb CBY-TpaHsuctopbl u asnemeHTb! CBU-TexHuKu, BUC, u CBUC, a tawxKe 
Apyrve U3shenuA ANA SNeKTPOHHOM MPOMbILUNEHHOCTU. Pa3spaGoTaHHbii peaKkTop XOpouo cTbIKyeTCA 


MOpasIbHO YCTapeBLUMM MAa3sMOXMMUYeCKMM OOopyAOBaHveM VU BakyyMHOU Ga30/ HanbINuTeNnbHbIX yCTAHOBOK. 
MXP BHeApeH B AO "Keasap" (r. Kues). 


IV. Cnucok nutrepatyppb! 


[1] A.tO. flonos, B.B. Yctanosp, O.A. Pegopoauy. O TexHonoruyecKux BO3MOXxKHOCTAX TIXP c 3AMKHYTbIM fpevicbom 


SMEKTPOHOB. Te3vcbi AoKnagjoe KOHCpepeHlMn "ToHkve nneHkM B MpovsBogcTBe MONYNPOBOAHMKOBbIX Np“Ooopos uv 
VHTerparibHbIx cxem", 1990 c. 109. 


[2] A.A. Dpank-Kameneyknit. Nexynu no cbusuKe nnasmel, M, Aromusgat, 1964. - 283 c. 

[3} B.N. Katioxa, F.C. Kupuyenko, Peaxtop nna3moxumMnyecKoro TpaBNeHUA VM OUVCTKU MaTepvanosB Ha OCHOBe SnekTpogHoro 
BY pa3sprga B MarHvTHOM none, - “SnextpoHHan TexHuKa”, cep. 7, “TexHonorua, OpraHv3zaynA Npov3eogcTBa nv 
oOopynoBaHue", 1992, Bbin. 5 (174) c. 39-43. 


PLASMOCHEMICAL REACTOR WITH CLOSED ELECTRON DRIFT 
FOR THE PRODUCING OF ELEMENTS WITH SUBMICRON SIZES 


Konoval V.M., Ustalov V.V., Fedorovich O.A. 
SDTB of Scientific Centre “Institute of Nuclear Research”, 47 Nauki Ave., Kiev-28, Ukraine 
tel. (044) 265-24-36, fax (044) 265-44-63 


Plasmochemical reactor (PChR) may be used for the precision etching of metals, semiconductors, dielectrics, high temperature 
superconductors with micron and submicron sizes. PChR may be used in the technological processes of producing of the 
superlarge integral schemes, the elements of superhigh frequency, infrared techniques, etc. The chemically active or neutral 
plasma is formed in HF-discharge in electric and magnetic fields crossing between the two cooled electrodes: a polygonal prisma 
and a grounded cylinder. PChR can operate in a soft etching regime (with minimal radiation damage) as well as in a spraying 
regime. The autobias voltage may be changed from 40 V up to 1000 V by the magnetic field variation and by an auxilary bias 
generator. The closed drift of electrons allows to dump drift instabilities and to raise the etching uniformity of the whole area. The 
SHF-transistor elements having submicron sizes are produced. 
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NAASMOXAMMAYECKAA TEXHONOMMA B 
nNPOUSBOACTBE CBY-YCTPOUCTE 

C CYBMUKPOHHbIMU PASMEPAMM 
SHEMEHTO! 








B.M. KoHosan, B.B. Yctanos, 0.A. Desoposny 
CKTB ¢ Off HLL “Uncmumym sdepupix uccnedoeaHul", 252028, Kuee-28, np. HayKu, 47 
men. 265-24-36, qaxc 265-44-63 


AxHomauus - B pa6oTe npuBogATcA pe3synbTatb! paspaOoTKn mnasmMoxumMMyecKUux TeXHONOrMA AHvsOTPONHoro 
TpaBneHvA snemeHToB CBU-ycTpolictB Cc CYOMUKPOHHbIMA pasMeDaMM Ha MNASMOXUMUUECKOM PpeakTOpe C 3AaMKHYTbIM 
Apevidom snextpoxHos. Pa3spaboTaHa TeXHONOrMA TpaBNeHVA ANIOMUHMEBbIX, 3ONOTbIX, BOMbCbpaMoBbIx, MONUOAeHOBbIX, 
TUTAHOBLIX MU AP. NNEHOK, HaNbINeHHbIX Ha apceHug rannus. OTpa6otaHb! TeXHONOrMMM TpaBNeHuA MNEHOK V3 30no0Ta U 
ANIOMUHMA KaK B XMOp-, Tak uM cbTOpcosepxaluUx rasax, YTO OYEHb BaXKHO ANA COXpaHeHwA CYOMMKPOHHbIX CTpyKTyp CBU- 
usgenui nocne o6pa6oTtku. TpasneHue ceneKTMBHO K apceHngay rannua. B pe3ynbTaTe pa6otb! nonyyeHb! CBY-TpaHancTopri Ha 
nognoxKax W3 apceHnga rannus v Ap. SNeMeHTbI C CYOMUKPOHHbIMY pasmMepaMn. 


|. BBenenne 


LUMpoko ucnonb3syemoe B HaCTOSLWee BpeMA NPM UsrOTOBNeHMK u3qennn MUKpOSNeKTpOHMKM, CBU- 
TEXHUKM VW AP. 2KUAKOCTHOe TpaBneHve SNeMeHTOB He NO3sBONAeT NonyYaTb CYOMUKPOHHbIe pasmepbi. bonee 
NepcnekTVBHbIM B 9TOM HanpaBneHUV ABNAeTCA NNasMoxuMNYeckoe (cyxoce) TpaBNeHMe C YUaCTHEM AKTVBHbIX 
aTomos ranoreHos (F, Cl, Br) ranoreHocopepxalunx fa30B VU UX CMECeU, a TaKKE XAMUYECKU AKTVBHbIX MOHOB, 
KoTOpble OOpa3syloTch MpW pa3snNyHbix sneKkTpuYeckuX paspAgax B ra3sax. MnasmoxumuyecKkoe TpasnenHne 
mMaTepvanoB WU TeXHONOrFMYeCKNX CNOEB, UCNOMb3YeEMbIX B MMKPOSNEKTPOHHOM fMpousBoA_cTBe MMeeT PHA 
MPeVUMYLUECTB MO CPpaBHEHVIO C KUQKOCTHbIM: BO3MOXKHOCTb NONYYeHYA SNEMEHTOB C MUKPOHHbIMUY 
CYGMUKPOHHbIMM pa3sMepamn, XOPOWYH AHV3OTPOMUIO TPaBNeHMA, XOPOLUYHO CENEKTUBHOCT M AD. 


Il. OCHOBHAA 4YaCcTb. 
NnasmoxuMuueckan TEXHONGrKA MOnyYeHHA CYOMMKPOHHbIX PpasMepoB 3NeMEHTOB 


NnasmoxuMuyeckui peaktTop c 3aMKHYTbIM Gpevcbom anektpoHos [!] OOnagaeT OAHMM U3 BarxkKHenuMXx 
nmpevMyLecTB Nepeg BbinycKaeMbIMU B Poccvm uw GONbLMHCTBOM 3apyOexHbIX PEaKTOPOB - BO3MOMKHOCTbIO 
perynupoBKu sHeEpruv WOHOB B Avana3oHe oT 20 9B go 1000 3B. STO No3sBONAeT MpoBOAMTb Kak 
nmna3smoxumuueckoe tTpaBneHve Ges pagvauMoHHbIx NoBpexkqeHvA v Me@XKCNOMHEIX NpoboeB Npu sHEPrMAX 
MoHoB go 150 9B, Tak u dbusnueckoe vu Nnasmoxumuyeckoe pacnbineHve Mpu sHeEpruAx MOHOB >300 3B. 

Npu paspa6otke mnasmoxumuueckow TexHONormMM TpaBneHdvA = MeTannuueckux MNEHOK U 
NONYNPOBOAHMKOBbIX MaTepvanoB Kpome fiXP vcnomb30Banach SKCNeEpVMeHTaNbHaA yCTaHOBKa, 
NO3BONAMWAR: B LWKPOKOM QNvana3o0He perynupoBaTb COCTAaB XA“MMYeCKM AKTMBHOK NNa3sMb!; perynupoBaTb U 
KOHTPONUDOBaTb cbusnueckue NapaMeTpbi pa3spAga; pacxofbl ra30B; NPOBOAUTb VccneAoBaHuA ONnTMYeCKOrO 
vsnyYeHNA NnasMb! B AVNanasoHe 220 HM ~- 800 HM, @ COOTBETCTBEHHO M KAYeCTBEHHbIA aHanu3; mMacc- 
cnekTpomeTpuyeckve ViccnesOBaHuA KAYeCTBEHHOrO COCTaBa MNa3Mbl; ABTOMATNYeECKU, NPY NOMOLLIM OOpaTHbIx 
CBA3e, NOAADeDKMBAaTb TOK BY-pasprga U T.Q. ; 

Kak U3BECTHO, OCHOBHAR TPYAHOCTh TOABNEHUA ANOMVMHMeBbIX NNEHOK CBA3aHa C HEOOXOAMMOCTbWO 
Pa3pYLUCHUA OKUCHOM ANSNeKTPUUeCKON MNeHKW aniomMuHuA Al2O3, uMelolelicA Ha NMOBepxHocTu. OKucneHne 
@nrOMUHVA NPV NonagaHun ero B aTMOCcdepy CBA3AHO C EfO BbICOKOM XUMUYECKON AKTMBHOCTbIO M OOsibLWANMY 
SHEPruAMM CBA3H B Monekyne Al2O3 [2]; AlzO3 - 8,65 9B; AlzO2 - 4 9B; AlLO-1,2 9B nu AIO-5 9B. PaHee 
CuuTanoch, YTO ANA pa3spyWeHuA mNeHKn Al,O3 HeEOOxOgUMO MOBbICUTb SHEPrUukoO NOHOB Go 300 3B u Oonee. 
Kak nokasanu yvccnegoBaHuaA, mpvBefeHHbie B [5,6], HEVCTBUTENbHO, NPM TakUx SHEPrMAX MOHOB yAaeTca 
Pa3pYLUMTb OKVMCHYIO NMNeHKY, HO BO3HMKalOT NpoONeMbl CTOMKOCTH GOTO- U BSNeKTPOHOpe3ucToB Np 
nonyyexHnv rny6un Gonee 1 MKM. py 9TomM TatoKe NOABNAIOTCA pagQnalMoHHble NOBpexKAeHKA CNoeB apceHnaa 
rannva, KDeMHYA, WU ChoccdOpHOCMNAUKATHbIX CTEKNAHHbIX MNEHOK W BOSHMKaWOT MexKCNOUHbIe Npoooy, 
BLIBOAALIMe MUKpocxembI unw CBU TpaHsvcTopbl M3 cTpon. CneayeT OTMeTHTb, YTO B STUX paoboTax 
MPOBOAMIMCh UCCNeAOBaHYA TpaBNeHUA aNiOMVHKeBbIX NNeEHOK BO cTopcofepxKaWnx coeAnHeHUAX, Oonee 
NEPCNeKTUBHbIX, YeM XMOpPCcOsepxKaulWX, W3-3a OTCYTCTBUA OTPUUaTeNbHbIX NMOCNeACTBUM TpaBNneHus, 
NpoABNAWerocA B OOpa3s0BaHVW CONAHOU KVCNOTbI NPY BCKPbITMM peaKkTOpa uw Nonaganuu oOpa3yoB B 
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aTmocdepy, cofepxkaillyio mapb! sogbl. pu stom npoucxoguT KOppo3suA nnactuH uv o6opynoBaHna u, KaK 
NpaBuno, pa3spylieHKe SNEMEHTOB C MUKPOHHbIMM MW CYOMUKPOHHbIMU pa3smMepamu. Mostomy Heobxoguma 
HeUTpanv3zalvA OCTAaTKOB MpOAYKTOB peakiun Ha moBepxHocTu obpabaTbIBaeMbIX MNacTuH, Hanpumep B 
KUCNOPOAHOM nna3sMe B OAHOM TexHONorMyecKoM UnKNe. Bo dTopcofepxKawux cpenax yaanocb nonyy4utb 
CKOPOCTU TPaBNeHvn @NtOMUHNeBbIX MNeHOK 40 0,1 MKM/MMH Np noAKmoYeHMN AONONHUTeNbHOrFO reHepaTopa 
CMeLUEHMA, paBouem paBneHun BITIXP ~ 10° mm PT.cT u pa6ounx ToKax B pa3page < 8 A. Ho ans Tpasnexua 
aNnloMUin BO TOpcosepxKalux rasax HEOOXOAUMO VCNOMb3OBaTb HUKENeBYIO 3ALUMTHYO Macky TONLUIVHOW 
0.1-0.2 MKM, KOTOpaa NO3BONAeT NPOBOAUTh TpaBNeHve Ha NMPOTAKEHVM HECKOSbKUX YACOB. Cnenyet 
OTMETUTb, TO STOT NpOWecc OYeHb CeNeKTMBEH NO OTHOLWEHMIO K apceHuAy rannua uv paet xopouyio 
aHv3oTponuio > 7 Np AOCTHTrHyTbIX FnyGuvHax < 0.6 MKM YU WHPpYHe KaHaBoK MW WMH = 0.4 MKM. Pa3spewatowanr 
cnocoOHocTb TpaBneHusa onpesensnach paspewatolen CnocoBHOCTbIO B3pbIBHOM nutorpacbun, 

Bonee netyyve coequHeHun aniomMvuHuaA o6pasyioTca c xnopom, Hanpumep AIClz; c Temnepatypon 
KuneHus 180° C [3]. Nostomy ganbHevuime vccnegoBaHvA no TpaBneHuio aniomudvA npoBogunuch B 
XNOPCOAEPKalMx COCAVHEHUAX - NPU paspAAax B Napax YeTbIPexXNopucToro yrnepofa UNU B CMeCAX NapoB 
METbIDEXXHOPUCTOFO yrnepoya C AproHoM un a30TOM. Kak noKa3aHo B [5], OKMCHYIO NNeHKY ANIOMUHMA MO>KHO 
YCNIEWHO paspyWatb yKe Mp SHEprun UOHOB 2 40 9B, HO NPY UcNoNb30BaHUN SK3OTEPMUYeCKON XMMUYeCKon 
PeaklN packucneHusn ee aTOMapHbim yrnepogom. {lpu stom o6pasyetca netyyee coeguHeHue CO c sHeprnei 
cpu II,1l 3B, KoTopan npesBbilwaeT Camyto BbICOKytO SsHeEprulo AuccouNvalMu B MOnekyne Al2O3 (8.65 3B). B 
MXP C 3aMKHYTbIM APeichom SNeKTPOHOB HaCTONbKO scbcbeKTUBHO NgeT Aucco\MaljuA Monekyn, YTO MoNneKynb! 
CCl, o6gupatotcA fo aTomapHoro yrnepoffa. OcoGeHHO acbdekTUBHO 93TO npoucxogutT npu yeenvyexun 
pa6ouero maBneHuA B KamMepe fo 10° - 10° mM pT.cT . O MONHOK AMccoyMayuu YeTbIPexxnopucToro 
YINepofa CBUACTENbCTBYET FOCTATOUHO WHTEHCMBHbIN NK C ATOMHbIM HOMePOM 12, COOTBETCTBYIOLUMA aTomy 
yinepofa, Ha Macc-CNnekTOrpaMMe, NONYYeEHHOK NpKW NOMOLM BpeMA MponeTHorO Macc-cnektpometpa MX- 
7304. Ha macc-cnektpax HaGmiogatotcr TakKe MOCTATOUHO UHTeHCVBHbIe NUKH Cel3, Cclo, CCI:C:CO.CO2:Ar u 
AP. NPOAYKTbI AvccouMayMUu MOoneKyN UU peakluu, nponcxonAunx B MXP. 

Kak noKkasanu TexHONnoruyeckne UCNbITaHMA, ToaBneHve ANKOMUHMeEBbIX NNeHOK B 3TOM cnyyae 
YASeTCA NPOBOAMTb yKe NpW SHEPrMAX VOHOB 2 40 3B, a CKOpOCTb TpaBNeHuA NpeBbiwaet 0.5 MKM/MUH Npv 
@HU30TPCNUM TpaBneHiaA 2 7. Tipv stom B AO “Kea3ap" ynaeTcA npoTpasnuBaTb aniomuHvesbie mneHKu 
rnyOvHow fo 1.6 MKM C LUMPUHOK AOporKeK uw KAaHaBOK ~ 1 MKM C aHusoTponven 7. Yconosua TpaBneHua 
cnepyrouwe: HavanbHbli Bakyym - 10° mM PT.cT., paboyee AaBneHve cmecn napoB YeTbIPeX-xNopucToro 
yrnepoffa c a3oTtom 10°! mm pT.cT., TOK B paspsae 10 Av HanparkeHue aBTocmelweHuA 100 B. Ucnonb3yetca 
OObINHbIN choTopesucT OF-051M, 3aqy6neHHblii c TONUMHOK < 1,2 mkM. Mognomka - KPpeMHuM. CenekKTUBHOCTb 
NPOUSCCa TpaBNeHiA aNOMUHMA K KpeMHutO >10. Paspa6boTaHa TakwKe TexHONOrMA HeiTpanu3alnu OCTATKOB 
xnopa. [pu KOHTpone mM NoAAepKaHMM OCHOBHBIX nNapamMeTpoB pa3praa, HAYaNbHbIX uv pabounx AaBNeHUn B 
NXP uw pacxogoB fra30B BOCNPOM3BOAUMOCTb npouecca TpaBneHua BbICOKaA, O YeEM cBNgeTenbcTByeT ero 
BHeapenue AnA cepuuHoro npousBognctBa UMC B AO "Keasap”. 

Mpu paspa6oTke CBY TpaH3svcTopoB HeOo6xoANMO TakKKe NPOBOgANTb TpaBneHue C MMKPOHHbIMN U 
CYOMUKPOHHbIMM pasMepaMu BNeMeHTOB MNeHOK MonU6AeHAa (BOnbdbpama) uv 30No0Ta, NOCNOMHO HAHeECeHHbIX B 
BakyyMe. [neHku 30noTa, Kak NpaBUno, TpaBATCA B xnopcofepxKauen nna3sme [3,4]. Ho, Kak yKe oTMeYanocb 
BbILUG, OcpchekTb!, CBASAHHbIE C OCTAaTKAMM XNOpa B Y3KUX LWeNAX U fanbHeliWee ux coemuHeHve Cc napamu 
BOfbI B aTMOCdepe c OOpas0BaHneM CONAHOU KUCNOTE! M AanbHeWuuo PacTpaBoOM Y3KuX NONOCOK NpuBo”MT FO 
UX NONHOrO CTpaBnuBaHuA C TeYeHveM BpeMeHu. Kpome Toro, NoANOKKY M3 apceHuga rannus TawKe XOPOWo 
TpaBATCA B xnopcofepxalwie nna3me. Mostomy Sbino Uuenecoo6pa3Ho paspabotaTb TexHonornuio TpaBneHur 
MNNEHOK, MOCNOMHO HAaHECeHHbIX Ha apCeHvg fannvA, CeNeKTVBHYIO MO OTHOLIeHMIO K nognoxKke uv 6e3 
AanbHellwero pactpaBa B aTMocdepe. Taka TeXHONOrMA TpaBNeHUA 30NOTbIX NNEHOK, NOCNOMHO HaHeCeHHbIX 
Ha mnexKy MonvOgexa un BONbdpama G6bina paspaGoTaHa Npu ucnonb30BaHUN sneraa3a (SF). Oguako, npu 
NPOCTOM TpaBneHH NNECHKM 30Nn0Ta He TpaBUNMCch BO PTopcopepxawje nnasme Fake NpU SsHEprMAX NOHOB 
Ao 200 3B. Tonbko nogKnioueHve K MXP gononHuTenbHoro reHepatopa c perynupyemMon YactoTtoK 100-500 
KIL, MO3BONUNO NONyYWTb TpaBMeHve MNeHOK M3 30NOTa CO CcKOpocTbIO ZO 0,1 MKM/MVIH npu Tokax B pa3sprge 
Ho 8 A. fanbHenuwiee noBbiIWeHne CKOpOCTM TpaBNeHUA BOSMOXKHO C YBENUYEHKNEM ANOTHOCTU pa3spAqHoro 
TOKa, HO OfpaHUYeHO CTOMKOCTbIO pe3svctos. Hav6onee cToMKuMUM oKa3amVcb MocnoiiHO HaHeECeHHbIe 
ONEKTPOHHbIN pesucT MMMA u cbotopesuct Az-1350. Tpasnexue npoBpogunoce B nna3me anerasa c AobaBKon 
KAcnopona Ana yeenvyeHvA aHu3so0Tponun TpaBneHuA npn pabounx naBneHuax 10° mm pT.ct. MonyyeuHp! 
SneMeHTbI| CBU-TpaHsncTopos c cyOMMKpOHHbIMK pasMepaMmu Cc NosNoxKKou 3 apceHuga rannur c nocnoivHo 
HaHeCeHHbIMU NNeHKaMU W3 MonvOgeHa (Bonbcbpama) TonujMHoK 0.2-0.4 mKM W 30noTa TonuIMHON 0.2-0.3 
MKM C WMpPMHOK Nonoc Ao 0.5 MKM uM Lene ~ 0.5 mkM vc rny6uHamn Ao 0.9 MK. 

Bo3MOxKHO UW ThaBneHve KPeMHUYA Cc CYEMYKPOHHbIMU pa3smMepamu. NonyyeHbi cron6uku v3 KoemMHUA 
BbICOTOM Ao 0.5 MKM c QuaMeTpom cTon6ukos ~ 0.1 mkM. MonyyeHb! TaKoKe OCTPMA U3 KOeMHUA ANA paspaBorTKn 
NpuSopos, OCHOBaHHbIX Ha ABTOSNEKTPOHHON smuccun. 
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lil. SaknioveHne 


Fla Oa3e MIXP c 3aMKHYyTbIM Apelcbom anekTpOHoB pa3pa6boTaHbi TexHonoruu TpaBneHuA nrieHoK 
aNOMUHMA, NMOCNOWHO HaHeCeHHbIX MNeHOK MonnOgeHa (BONbdbpama) wu 30N0Ta C MMUKDOHHbIMU Vf 
CYOMMKPOHHbIMM pasMepaMi SMeMeHTOB, HeEOGXOAMMbIMY ANA npovnsBogcTBa v3sgenni CBU, Sonbluux u 
CBepXOoNbiwUx WHTerpaNbHbIx MUKpOCXeM, AIA NOCTPOEHUA CbyHKUMOHANbHbIX VHTerparibHbIx CXeM Gonbiion 
CHOMKHOCTH, NeKANX B OCHORE OYeEPeAHOrO, KAYECTBEHHO HOBOrO, eTaNa pa3sBUTUA MUKDOSNeKTPOHUKH, a 
TAKKE ANA PasBUTUA MUKPOSNeKTPOHYKH, Oa3UpylOLUecA Ha SNEKTPOHHOW asmuccuu. PaspadboTaHbl TexHonorun 
TpaBeHuA Kak B XNOp-, Tak WU TopcomepxKawjux coeAuHeHUn. PesynbTaTb! nonyyeHb! GnarogapaA Hu3KVM 
SHEPruAM MOHOB (M0 100 3B) KW’ BbICOKOM cTemeHH aANccOouMauMM uv VYOHM3alNN pearupyouwmx  ra3oB. 
NogoSpatbi pesvct!, nosBonAoUMe NonyyaTb CyYOMUKPOHHbIe pa3smMepst. 
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PLASMOCHEMICAL TECHNOLOGY IN PRODUCING OF SHF-DEVICES 
WITH ELEMENTS OF SUBMICRON SIZES 


Konoval V.M., Ustalov V.V., Fedorovich O.A. 
SDTB of Scientific Centre “Institute of Nuclear Research”, 47 Nauki Ave., Kiev-28, Ukraine 
tel. (044) 265-24-36, fax (044) 265-44-63 


This work presents the designing results of the plasmochemical technology of anisotropical etching of SHF-devices elements 
having submicron sizes in plasmochemical reactor with closed electron drift. The technology of etching of Al, W, Mo, Ti and other 
films sprayed on GaAs is designed. The technologies of etching of films from Au and Al in Cl- as well as in F-containing gases have 
been worked out. That is important to remain the submicron structures of SHF-devices after treatment. It is possible due to the 
application of additional bias generator which takes off the charges from the surface of semiconductors and dielectrics and allows to 
control the ion energy in wide range. The etching is selected to GaAs. The problem of etching of narrow slots with sizes > 0.3 mm 
and depth < 0.5 mm is solved. The silicon apexes with height 0.5 mm and diameter > 0.1 mm have been obtained. The distinguish 
aptitude during etching has been determined by the litography aptitude. The etching anisotropy is > 7. The resists are selected to fit 
for the obtaining of submicron sizes during plasmochemica! etching. As the result of work, the SHF-transistors on the GaAs base 
have been worked out. 
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BNMUAHMVE NAPAMETPOB AMVOCB C 
fiBYXBAPbEPHOU KBAHTOBOU CTPYKTYPOUM 
HA PABOTY YMHOXKUTESIEM UACTOTbI HA 

MX OCHOBE 


C.W. Canun, 9.0. Npoxopos, A.B. DaguerKo 
XapbKoeckull 2ocyOapcmeennbid yHueepcumem, 310077, Xapbkoe, nn. Ceobodbi, 4. 








AnHomauus - Npopegeno uccnegopanve BNVAHYA NapameTpoB AVvOsOB c AByXGapbepHow KBaHTOBOM cCTpyKTypon 
(OKC), Takux kak: WMpuHa KBAHTOSON AMbI, TONLUMHa WM BbICOTa NOTeHWMaNbHbIx Gapbepos Ha paGoTy yMHOXKUTeNe YaCTOTHI. 


1. BBenenne 


OHM M3 HOBbIX THNOB NONYNPOBOAHMKOBbIX NpuoopoB, cnocobHbix paboTaTb B MUNNUMeTpOBOM 4 
cyOMMNNUMeTPOBOM AMana30HaXx ANVH BONH, ABNAKOTCA Quogbt c BKC. Pacwupenue yactotHoro quvana3oHa 
TaKUX AVOAOB BO3MOXKHO MPV UCNONb3IOBAHMU UX B KAYECTBE HENVHEMHbIX SNEMEHTOB YMHOKUTeENeM YaACTOTHI. 
Bonbuioe BNUAHKe Ha paboTy AaHHbIX YMHOXKUMTeNeH OKasbIBaKOT NapamMeTpb! AvonoB c ABKC: wupunHa 
KBAHTOBOKM AMbI, TONLMHAa MW BbICOTa NOTeHUMaNbHbIX Sapbepos. U3smeHeHve 2TUxX NapaMeTpOB BeAET K 
VU3MEHEHUWD BPEKTUBHOCTH YMHOKEHUA. 

fina paccmoTpeHiA pabotbl yMHOxKUTeneW YacTOTb! Ha OCHOBe ANvonoB c [IBKC mucnonb30Banacb 
Mofenb, onvcaHHasr B [i]. HatHaA MOAeNnb OCHOBbIBaeTCA Ha ONpegenenun BeNVYMHbI NNOTHOCTH ToKa, 
npoTekatowero Yepes Avon. 


ll. OcHOBHAaA 4YacTb 


PacyeTbi YMHOKUTeENA YacToOTE! Ha OcHOBe Avofa c {IBKC 6binu npoBegeHbi ucxogA u3 cnepyrHOUMXx 
npeanonoxennn. [uog nomewaetca B ABYXKOHTYpPHbIN pesoHaTop. Ha mvog OT BHEWHEro UCTOUHMKa NogfaeTcA 
BbICOKOYaCTOTHOe HanpsAxKeHve BUAa: U(t)}=U,*sin(wt), rae w - YactoTa, Ha KOTOpy}) HaCTpaUBaeTCA OfMH V3 
pe3soHaTopos. B pe3ynbTaTe Ha quoge HaYNHaeT DeNCTBOBaTb HaNpAKeHNe CNOKHOM cbopMbi, COCTOALWee U3 
NepBoK UN - HW rapMoHuK. Tins nonyYeHuA YMHOKEHUA YACTOTbI, BTOPOK pesOHaHCHbIN KOHTYp HaCTpanBasica Ha 
HYKHYKO TAPMOHMKY. TIPHMepoM TakON MOfENU MOKET CNYKUTb KOHCTPYKUUA YMHOKUTENA YACTOTbI Ha OCHOBe 
CKPELUECHHbIX BONHOBOAOB - SONHOBOAa OCHOBHONM YaCTOTbI MU BONHOBOAA N - KW faDMOHUKM. 

3HaA BUG HanpsxKeHuA, AelvicTByrowjero Ha Avone, C NOMOWWbIO MOfeENU, NpenctaBnexHOM B [1], 
HaXOMUM NMPOTeKaIOLMU Yepe3 Avo TOK. OnTumu3allvA xapakTepucTUuK YMHOXUTenNeM nNpoBoguNnack Mo Tak 
Ha3bIBaemMomy KOS@duyVeHty npec6paso0BaHuA YacToTb! (KIMY) [2,3]. 

Bug Avoga c ABKC mpepctasneH Ha piuc.1. V3smMeHeHve WHPVHbI KBAHTOBOM AMbI @ TONLIVHbI 
NOTEHUVaNbHbIX Oapbepos b; vu b2 BO3MOXKHO TEXHONOrMYeCKMM MYTeM, a BbICOTa NOTEHLMANbHbIX GBapbepos V; 
vu V2 OyoeT 3aBuceTb oT xMmuYecKoroO cocTaBa AABKC. NonynpoBogHukosble CoeAMHeEHUA, Ha OCHOBE KOTOPbIX 
BO3MOXKHO Co3sganve Auogos c BKC, sbi6upanuch ucxogA v3 NPUHUMNOB U3NoOxKeHHbIX B [1]. NoTeHuManbHble 
Oapbepsi O6pa30BaHbi U3 NONYNPOBOAHUKOBbIX COeEAMHeEHUI, MMEFOLLUX Gonee LWMPOKylO 3aMmpelWeHHyto 30HY, a 
NONYNPOBOAHUKOBbIE COEAMHEHMA, UMEIOLUME MEHbLUYIO LUMPWHY 3aNpeLeHHOH 30HbI, COpasyloT KBaHTOBYtO 
AMY V KOHTAKTHbIe CHION. 

YMHOXEHUE YACTOTbI BO3MOXKHO Kak C NPMNOKeHKeM HaNpsAKeHMA NUTAHMA Ha Quon, Tak wu Ge3 
npunoxeHvA nutaHnr [2]. Vccnegosanua [1,2] noka3sanu, YTo ecnu Ha QMO APN yMHOKeHMM YaACTOTbI He 
NofaBatb HaNpAKeHUA NUTAHMA, TO HaNOoNblWaR SccdeKTuBHocTb SyseT nonyYeHa Ha YETHbIX FAPMOHMKAX, a 
npu nogaye Hanps>KeHuA NUTAaHVA - Ha HEYeTHbIX. 

OCHOBbIBaACh Ha NONyYeHHbIX B paboTe [3] pesynbTaTax YMHOXKEHUA YACTOTb! Ha ANOnAax c BKC, 
cocTonLuen U3 Alo.2Gao,sAs/GaAs, npoBegeHb!l UccneAOBaHVA BNVAHVA WUPUHbI KBAHTOBOM AMbI, TOMLUMHb! 
BbICOTbI NOTEHUMAaNbHbIX GapbeposB Ha 3cbcPeKTMBHOCTb YMHOKEHUA. 

Be3 nogauv HanpskeHMA NMTaHMA (puic.2) BOSMOXKHO scbdeKTUBHOe YMHOMKeHMe Ha BTOPOK rapMoHuKe 
B WMPOKOM QUana3s0He VU3MEHEHVWA LUMPMHbI KBA@HTOBOW SAMbI - 2...7 HM. MakcvumManbHoe 3HayYeHve KIMY 
Aocturaetca Mpw WMpPUHeE KBaHTOBOKM wAMbI 4...6,5 HM. [lpn pa6oTe Ha YeTBeEpTOM rapmMoHMKe gNuana3oH 
V3MCHEHHA LWKPVHb! KB@HTOBOM AMbi HECKONbKO YMEHbLUMTCA, ODHAKO MaKCYManbHoe 3HaY4eHue KITY 
AOCTUTaeTCA B TOM Ke Avana3oHe U3MEHEHMA LWMPUHbI KBAHTOBOW AMbI, YTO WM NPY YMHOXKeEHUM Ha BTOPO 
TFaPMOHNKE. [pW YMHOXKEHUM Ha LUECTOU rapMOHMKe QNana30H V3MEHEHUA LUAPUHbI KBAHTOBOM AMbI COCTaBNAeT 
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3...8 HM. Ho M@KcuManbHoe 3sHayeHve KIIU gocturaetca B TOM Ke AVANASOHE V3MEHEHMA WVPUHbI KBAHTOBOU 
AMbI, YTO UB ABYX MPeAbINYLUMX CHyYaAXx. 

V3smMeHeHme TOMUMHbi NepBoro “M BTOpOrTO MoTeHWManbHoro GBapbepa ana cnyyan, Korga wupuna 
KBAHTOBOA AMbI OCTaBaNnaCb NMOCTOAHHOM, MpwBeno K TOMY, UHTO MaKCHManbHoe 3HaYeHve KMY 6bino 
AOCTUFHyTO B AMana3scoHe 2...4 HM, KaK MPH YMHOXKeEHWM Ha BTOPOU, Tak M NPY YMHOKeHUN Ha YeTBEPTOH u 
WWECTOW TapMOHUKaX (puc.3). YeenuueHve TONUWIMHb! GapbepoB Benet K pesKomy NageHUlo acbceKTvBHOCTU 
YMHOMKEHUA, 

Mpu nogaye Ha Avon c ABKC HanpskeHua nutTaHun Gbinu nonyyeHbt AHANOrMuHbie pesynbTaTbl. 
MakcuManbHoe 3HayeHve KNY pocturaetca npu YMHOXKeHMM Ha TpeTbe WM NATON rapMOHMKaX NPVONM3UTeENbHO 
B Tex KE Mpemenax W3IMEHEHMYA LWMPUVHbI KBAHTOBOM AMbI MW TONLUIWHb! NOTEHLMANbHbIX GapbepoB, YTO U NpH 
YMHOXeHUM Ge3 NoAauN HANPAKEHUA NUTAHMA Ha BTOPOK, YeTBEPTOK MW LWECTOM rapMoHuKax. 

VU3MeHeHMe BbICOTb! NOTEHUMaNbHbIX GapbepoB, COOTBETCTBYIOLUEE V3MEHEHVIO KOMMYECTBEHHOTO 
cocTaBa XVMMYeECKUX sMeMeHTOB Al,Ga1.As, moKa3ano, YTO HavGonee acbcbekTUBHOe YMHOKeHNe YACTOTHI 
BO3MOXKHO np x=0,2...0,4. 

UccnefopaHve BNVAHVA U3SMeHEHMA LWUPYHb! KBaHTOBOU AMbI MU OCTaNbHbIX Napametpop JIBKC Ha 
S@MeKTUBHOCTh YMHOXKEHMA ANA APYTHX NONyNPOBOAHUKOBbIX COeAVHEHUA, U3 KOTODbIX MOKET COCTOATb 
AIBEKC, gano aHanorvyuHbie pe3synbTaTbl. 


lil. SaxnioyueHne 


Takum o6pa3om, B pesynbTaTe NpOBeseHHbIX VccnegOBaHMY MOKHO CHeNnaTb BbIBOA, YTO MaKCVMaNb- 
Hoe 3HayeHve KIIH focturaeTcA Npu yMHOKeHMM YacTOTb! Ha Auogax c JIBKC B cpegHem npn wupnHe 
KBaHTOBOM AMb! 4...6 HM VY TONLUMHeE NOTEHLMANbHbIX Gapbepos 2...4 HM. 
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THE INFLUENCE OF DOUBLE-BARRIER QUANTUM WELL PARAMETERS ON WORK 
OF FREQUENCY MULTIPLIERS ON THEIR BASE 


Sanin S.1., Prokhorov E.D., Diadchenko A.V. 
Kharkov State University, 4 Svoboda Sq., Kharkov-310077, Ukraine 
tel. 47-19-88 43-08-83 


One of the possible means of improvement of the frequency possibilities of diodes with double-barrier quantum well (DBQW) is 
using of such diodes as nonlinear elements in the frequency multipliers. DBQW parameters, such as: quantum well width, potential 
barrier height , thickness and chemical composition of DBQW, influence on the work of frequency multipliers very much. The 
researches allowed to determine the optimal parameters and DBQW composition which are necessary to obtain the most effective 
frequency multiplication. 
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KOMIVIEKRC WPOrPAMM MO/JIEJIMPOBAHHSI 
HAHOSJIEKRTPOHHBIX TIPHBOPOB HA OCHOBE 30O®OEKTOB 
OAHODIERTPOBHOTO WH PESOHAHCHOYO TYHHEJMPOBAHMS 


M1... A6pamos, M.A. Doruyapenko, E.T. Hopuk, .B. lepemer 
Benopycckuu 2ocyoapcmeéenuoiu yHueepcumem unq@opMamMuKuU U PAQUODIEKMPOHUKUY, 


220027, Muuck, IT, Bpoexu 6 
AHHOTAaLHa 


B jokslage onncanbl! MOfeIM, NONOKeHHBIe B OCHOBy pa3padOoTaHHOrO KOMITIJIEKca 
mporpaMM MoOjieuMpoBaHua TpHOopoB Ha ocHOBe 9ddeKTOB OAHOIICKTPOHHOTO (KyNOHOBCKad 
OnoKaqa) H pesoHancHoro TyHHeIMpoBanna. Komnmekc COCTOHT 43 BYX NOACHCTeM, KOTOpPHIe 
MOryT HCMONb30BaTbCA AIA pacdeTa yKa3aHHbIX JIBYX THIIOB HaHOIICKTPOHHEIX mpuoopos. B 
HOKNae TpHBOAATCA pesyibTAaTbI pacueTa NMapaMeTpOB OHORIEKTPpOHHOTO TpaH3HcTopa HU 
TYHHEJIBHO-pe30HAHCHBIX CTpPyKTyp Cc TIpHMeHeHveM pa3paboTaHHoro KOMIMIeKca IporpaMM, 


mipeyHashayeHHOro VIA MCTIOb30BaHHA Ha NepcoHabHbix IBM tuna IBM PC/AT. 
1. Beexenne 


B nacrosmjee BpeMA B CBA3H C MHTCHCHBHBIM PpaSBHTHeM KaYeCTBCHHO HOBbIX MCTOJOB 
HaHOTexHOMOrHN SouBMOE BHMMaHHe yieuIneTca paspaSoTKe HaHopa3MepHEIx mpHGopos Ha 
ocHoBe odekTOB OAHOSIeKTPOHHOrO MW pe30HaHCHoro TyHHesMpoBaHHa. Take CTpyKTypbI 
MOryT OOaqaTb BbICOKHMM 3HAYCHHAMM NONe3HbIX XapaKTePHCTHK HM UCMONb30BaTbCA TPH 
cO3,aHH yCTpoMcTB xpaHeHusa HW OOpaboTKH HHopMaunMH. YxKe MMeLOTCA COOOMIeHHA O pealIbHO 
paSotarommx mpHOopax Ha oOcHOBe BbIMeyKa3aHHbIx obdekTOoB: n- WW p-KaHalbHBle 
ONHODICKTPOHHEIC TPaH3HCTOPEL, Pe3OHAHCHO-TYHHEIbHBIC TpaH3HCTOPH! MW HORE, s4eiKH 


HaMATH Ha pC3OHAHCHO-TYHHCJIBHBIX CTPYKTypax HAP. 


2. Monenu npu6opon na ocHose 9MeKTos 


OAHOSICKTPOHHOFO H PesOoHaHCHOro TYHHCJINPOBAHHKa 


bell nmpopeweH ananu3 MOeneH JA pacyueTa psa OCHOBHBIX TeOMeTpHM4yecKHx HU 
SHCKTPH4YECKUX NapaMeTpOB OJHOSICKTPOHHBIX TpaHsMcTopos [1]: 1) padbouei Temnepatyps, 


KOTOPad MCKIIOYUACT BIIMAHHC TCPMYYCCKHX dbaykryauni Ha TOKH HW HalipspKCHWA Ha Trepexostax; 
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2) TIPOBOXMMOCTH TYHHEJbHEIX Mepexoyop, HeoGxonHMoh Aa H30NAIMM NMpoOBOAAero 


"OCTpoBKa" OT OCTaNbHOH YacTH CHCTeMBI; 3) padoyero HanpmKeHHA Ha TpuGope; 4) rpann4Hol 
“acTOTHY padoTEr npwOopa; 5) emKOcTH HW MOM aH TYHHCMbHEIX MepexoOB HW MpoBosAMe©ro 
"ocTposka". B kayectBe npuMepa Obiia paccMoTpeHa CTpykTypa TpaH3HcTopa B Bue TOYeIHOTO 
MpoBoLanlero "OCTpoBKa", COCAMHEHHOrO C IIEKTPOTaMU MOCHEACTBOM TYHHEAbHBIX HepexoOB. 
OTMeYCHHBIe MONE HCHONb30BasINCh Mp pa3spaboTKe anropHTMa WM MporpaMMbl pacueta 
OMHOSIEKTPOHHEIX TPAaH3HCTOPOB. 

Mojenw, Npeyqua3sHayeHHble JIA pacueTa Mpo3payHOCTH pe30HaHCHO-TYHHeJIbHBIX 
CTpyKTyp, WeNaTcA Ha Ba Klacca: Moyen, Nomyyennpie B BKb npwOmmxkennu, H MOzeNH, 
OCHOBaHHbIe Ha MeTOAe MaTpHu, Mepenoca. B BKb npu6nwxennu tpe6yetca oOTHOCHTeNbHO 
MeJICHHOe H3MeHeHHe MOTeHIMalla B CTpyKType Ha paccTOAHWMM TopsaKa AJIMHbI BOJIHBI je 
bpokia seKTpona. XoTA 9TO ycOBMe He BCeETa BbITOMHACTCA, OCOOCHHO B CTpyKTypax c Mason 
TOJMMHOK Oapbepos, TaHHbl MeTOA Wesecoobpa3HO ACHOJb30BaTb JIA SKCNPECCHBIX OL[eHOK. C 
TIOMOLIBIO MeTOa MaTPHL Tepenoca ocylliecTBIAeTCA pemleHve ypaBHenua IIpequurepa ana 
Kax OM OONaCTH CTPyKTypB. OH AOCTATOUHO MpOCT B peaNtH3allMH MW WaeT MPAMYIO 3aBHCHMOCTS 
MpO3padHOcTH pesOHaHCHO-TYHHEJBHBIX CTPYKTyp OT SHEPrHn Mayarolllero seKTpoHa. 

Ha ocHope payja Mogene BKb [2,3] u Matpuu nepenoca [4,5] paspaSoTaHbl anropuTM u 
mporpaMMa OHOMEpHOTO pacueTa Mpo3pa4yHOCTH pe30HaHCHO-TYHHeJIBHBIX CTPyKTyp Cc 
MpOw3BOJIBHOH KoNdurypayMet Oapsepos. Jia pacueTa BONbT-aMMepHOH XapakTepHcCTHKH 
PeSOHAHCHO-TYHHEJIBHBIX CTpyKTyp HeoOxoHMO BBIMMCeHHe TpoMHOTO MHTerpala, 4TO 
ABNACTCA OYCHb CHOKHOW 3ayauel, YUMTEIBAd CHJIbHYIO He€NMHCHHOCTh NOZbIHTerpasbHOro 
Bhipaxenus. B cBa3H C STHM pacueT BOJT-aMMepHOi XapakTepucTHuKH Mpou3BogMTCA Cc 


MCHOJb30BaHHeM YIpolsarouux npes”nouoxKeHnit [4] no paspaboTaHHoMy asIropHTMy. 
3. Pe3syIbTaTbI pacueToB 


Peanv3ylouMit OTMeYeHHBIC MOC MW aPOpHTMbI KOMIUIeKC NporpamM HcTOsB30BaICA 
WIA pacueTa NapaMeTpoB OAHOSICKTPOHHOLO TpaH3vcTopa IIa pasM4HbIX 3HaveHHK WIMpVHb! 
BEICOTH! Oapbepa B TYHHEJIbHEIX Nepexoyax (d u by COOTBETCTBEHHO) HM KOIPUUMeHTa yCuNeHHA 
0 HampsKeHutO (k). B 3aBuCHMOCTH OT BLICOTHI Oapbepa B TYHHEJIBHBIX Mepexoyax o H paguyca 
MIpoBOAAWero "“OCTpoBKa” ro OsIM paccuNTaHbl: OOWad EMKOCTh MpoBosamero "octpopKa" C,, 
paOouee HallpsKenve Ha npHOope Vop, rpanwuHad yactota F; uw pabouaa TemMepatypa Top. 
PaccunTaHbl TaloKe HavOosee ONTHMA@sIbHbIe TeOMeTPHYeCKHe pa3Mepbl OHOSeCKTPOHHOrO 


Tpan3ucropa. [paduku (puc. la, ls, 1a) monyaenbr B pe3ymbTare pacdeToB NO MOJeNH, 
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paccmatpuHBalomleH TONBKO reomMeTpHIO ucToKa, a rpaduKu (puc. 16, Ir, le) - mpu 
HCHONb30BaHUH JIA pacueToR chepHyeckowK Move mpKHOopa. 

Tak 2Ke ObIIM MNpOMsBeAeCHbI pacdeTs! NpospayHocTH (puc. 2a, 2B, 20) WH MNOTHOCTH TOKA 
(pac. 20, 2r, 2e) WId TYHHCJIBHO-pe30HaHCHBIX CTpyKTyp C 4NCIOM OapbepoB OT ABYX JO 
yeTEIpex Wid MoyeneH [4] u [5]. Bsicora Oapbepos sei6upanach paBHok 1.355 3B, 4To 


cooTBetcTByeT mepexony AlAs/GaAs. Tonujuna Oapbepop 3aqapanach paBHol 20 A, a aM - 
40 A. Tumwanoe Bpema pacueta C UCrONb30BaHHeM MeTOa MaTpHI, MepeHoca coctapsaeT 1-2 


MHHYTBI JIA TpospaunoctH u 30-40 MunyT Aa TOKOB Ha IIOBM IBM 486 DX-2/66. 
4. 3axaiouenne 


Pa3pa00TaHHbI KOMIVIeKC MpOrpaMM MOJCIIMpOBaHHsA ABNACTCA OCHOBOH WIA MpoBeweHHA 
aHasiv3a reoMeTpaueckux H 9JIEKTpHYeCKUX TapaMeTpOB HaHOICKTPOHHBIX NpHOopoB Ha OCHOBE 
sPPekToR OAHOIIEKTPOHHOTO MW pe3s0HaHcHoro TyHHemMpoBanna. Iipopenenusie pacuerbl 
NMOMOOHbIC UM MOFYT CIIyKUTb B KaYeCTBE MpeBapHTeCJIBHbIX MHOKEHEPHEIX OL|CHOK MapaMeTpoB 
YKa3aHHBIX JIBYX THIIOB HAHOSIEKTPOHHEIX MpHOopos. 

Pa$ota BBMOHeHa pw yacTH4yHOH duHaHcoBoh noggepxKe PecmyOuuKaHcKon 
M@KBY3OBCKOH MpOrpaMMbl PyHAaMeHTAJIbHbIX WMCCHeAOBaHUuK B OONACTM eCTeCTBEHHBIX HayK 
“@My3nyeckHe OCHOBL] Nouwy4eHHaA, AMarHOCTHKH, (QyHKUMOHWpOBaHHa MU TIpHMMeHeHHsA 


HH3KOpa3MepHBIX ICMCHTOB HW CHcTemM’, rpaHT 04.04. 
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4. Tsu R., Esaki L. Appl. Phys. Lett., 1973, Vol. 22, p. 562. 
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A SIMULATOR FOR COULOMB BLOCKADE AND RESONANT TUNNELING DEVICES 
Abramov I.1., Goncharenko !.A., Novik E.G., Sheremet I.V. 
Belarussian State University of Informatics and Radioelectronics, 6 P. Brovka, Minsk-220027, Belarus 
E-mail abramov@nano.rei.minsk.by 


The models, the methods and aigorithms of a simulator for single-electron (Coulomb blockade) and resonant tunneling devices are 
described in this paper. The simulator can be devided on the two independent modelling subsystems for Coulomb blockade and 
resonant tunneling devices, respectively. A special algorithm for the tunneling current calculation in resonant tunneling devices was 
developed. A comparison between the experimental data and simulation results for various devices is presented. The simulator was 
developed for IBM PC/AT computers. 
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SKCHTOHBIB MOJ1Y NPOBO/MRMIKOBbIX HH2K EKIMOHHBIX 
JIA3EPAX HA OCHOBE KBAHTOBO-PA3MEPHBIX CTPYKTYP 


Banuau B.M., [amenxo AT. 
Xapbkoeckuli cocyOapcmeennoili mexnuyeckull yHueepcumem 
paduoasekmponuku 
310726, Xapoxoe, np. Jlenuna, 14, qaxc 0572-409113 


AHHOTalMA 


OOocHoBaHa BO3pacTarOlad POJIb IKCHTOHOR B cbu3H4eCKHX Npoleccax, mpo- 
TCKALONIAX B MOJTYMPOBOAHHKOBBIX HHXKCKIMOHHDIX J1a3epax Ha OCHOBe KBaHTO- 
BO-pa3MeCPHBIX CTpyKTyp. PacunTraHbi 3HepreTH4ecKHe YpOBHH 3KCHTOHOB Ba- 
Hbe-MoTta B KBaHTOBO-pa3MepHBIX CTpyKTypax pa3JIM4HOK KOHCpUrypann. Ha 
OCHOBAHHH PCHICHHA CKOPOCTHDIX ypaBHeHHi C yYETOM SKCHTOHOB NOJIYUeHBI 3aBH- 
CHMOCTH KOJIM4CCTBA (POTOHOR, 3JIEKTPOHOB H SKCHTOHOB OT BeJIMUHHDI TOKA HH- 
ACKIMM B AOMOPOrOBOHK, NOpOroBol H BbILIEMOpOroBOli OGs1acTax. 


I. BBenenne 


Bo3MOXHOCTh CO34aHHA MOJIYNPOBOAHUKOBbIX HHXKEKUMOHHBIX J1a3€PoOB C 
MCHOJIbB3SOBaHHEM SJIEKTPOHOB Oblia paccMoTpeHa B paboTax Mamikesuya B.C. 
[1,2]. pu stom oTmMe4a.i0cb, YTO 9KCHTOHHBIe Nepexojtbl MOryT CJLy KUT Kana- 
JIOM JIG HaAKAYKH, SKCHTOHHOC NOMIOMCHKE WH NOMICWIeHHe CBeTa DKCHTOHAMH 
MOryT aBaTb CYINCCTBCHHBIK BKJIay{ B MOTePH; CBA3bIBAHHe CBOOOTHBIX HOCH TEe- 
JieH B IKCHTOHI MOXeT O6bITb CyecTBeHHOL NIpH4HHOK YMCHbIUICHHA KOHICHT- 
pallu HOCHTeJieh, 3aTpyqHAOlel reHepaluto, HU, HAKOHEL, BO3MOKHA Wa3zepHar 
PeHepallMa Ha SKCHTOHBIX Wepexonax. OHaKO, B MHXKCKIHOHHBIX JIa’3epax Ha OCHO- 
Be MaCCHBHBIX (OOBEMHbIX) TOMO- H reTepo p-n nepexozoR, POJIb 9KCHTOHOB He- 
BEJIMKa, MOCKOJIBKY MX SHEP CBA3H MCHbIe, YeM TenIOBad dHeprua kT u 
SKCHTOHB! JMCCOMUMMPytOT Oe33J1y4aTeJIbHO IIpu TeMMeparypax 6JIM3KHX K KOM- 
HaTHOK. OTWIMINTe HHO OCOGEHHOCTHIO KBaHTOBO-pa3MepHbIX CTPyKTyPp ABJIA- 
CTCH BOSMOXKHOCTH JIOKaJIN3aNMM OobIUIOrO KOIMUeCTBAa HOCHTeEJIeH B orpaHu- 
YeHHOM OObEME HM KBaHTOBA SHEprua ZTHX HOCHTEVIell. IIpu sToM, ycoBuA 
B3aMMONeCHCTBUA YaCTHI HW UX WoOsIek CYLICCTBCHHO MCHALOTCA 10 ChaBHeHHIO C 
MacCHBHBIM (OObéMHEIM) OOpa3noM. Tlosromy, BKJIaq] 3KCHTOHOB B IIPOLWecchl 
JIOMHHECICHUMM HW reHepalMu J1a3epHOoro M3J1y4eHUA CyLLCCTBCHHO BO3pacTaeT 
He TOJIbKO IPH HM3KHX, HO H Ip BbICOKHX TeMMepatypax, BIIOTh 10 200°C [3]. 
B oToH CBa3H, Mpw M3y4eHHH cbu3M4eCKUX NpOUeccoB B NOJIYMPOBOAHHKOBBIX 
MHAKCKUMOHHDIX J1a3e¢pax Ha OCHOBC KBaHTOBO-pa3MepHbIXx CTpyKTyp, HeoOxogH- 
MO Y4HTHIBaTb BJIMAHHE SKCHTOHHDIX MPOUeCcos. 
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Il. Teopermuecknhe pe3syabTarTy! 


B paOSore wcCneqOBaNCh NOJIYNPOBODHHKOBbIC HH XKCKIMOHHbIC 
Ga As/AL_ Ga, As sla3epbi Ha ocHoBe (KPC). 

TionHblk raMBJIbTOHHaH JIA SKCHTOHOB Banbe-Mor;ta B CHCTeMe, COCTOR- 
wel 43 akTHBHOrO cloa Ga As, pacnosoxeHHOrO MeEXAY ABYMA CJIOAMH 
Ga, Al As 8 npKOsmoKxenun acbtbeK THBHOM Maccbl, AMeeT BHD: 


wie wr a WR lia 52 
2m az 2m az 2LE| p dp\. ap 


Began V(Ze) + V(Z1)} () 


ee ee eee 
eA 1 
p 9 J e€ a 
rye m, - scbeKTUBHad Macca 3/IeKTpOHa B 30HE MPOBOAHMOCTH, 
m+ - acbbex TuBnast Macca Jierko# "-" H TaKeJION "+" [bIPOK B BaJICHTHOK 30HE, 
Lt -IIpwBeqeHHasd Macca Jierkoro “-" 4 TaxKes0rO "+" sxKcHTOHOB, V(Z,), V(Z,) - 
BbICOTa HOTCHIMaJIbHOrO Oapbepa DJIA IICKTPOHA B 3OHE MPOBOMMOCTH HM Jbl 


pOK B BaJIeHTHOK 30He, Z,, Z, - KOOPAMHATHI SJICKTPOHA HM [IbIPKH, Yr, f, ~WOJ10- 
X2KCHHE BICKTPOHA H DbIPKH, CBA3AHHbIX KYJIOHOBCKHM B3aMMOeCHCTBHeEM, 


P - KOOpaMHara WeHTpa Macc B 3KCUTOHE, f - MocrosHuas Tnanka, & 9 ~ YHuBep- 


CasIbHad JMSJIEKTpH4eCKad NOCTOAHHAS . 

B qaHHoit paSotre BOHOBbIe CbyHKuMH HW COOCTBeHHbIe 3HaUCHHA SHEprHH 
9JIEKTPOHOB, JICPKHX MW TAXKEJIBIX JIBIPOK, JICPKHX H TAXKEJIbIX IKCHTOHOB ONpesc- 
JLAJIUCh Ha OCHOBaHHY pellienua ypaBHenua IIpenunrepa c raMvMJIbTOHHaHOM (1). 
3anaua pemlanach WIa CoryuaeB: GecKOHe4HO BbICOKOrO Oapbepa, Oapbepa Ko- 
HCUHOH BLICOTHI H "GecKOHeUHO" IMpuHbI Wd Oapbepa KOHEUHO!M BBICOTHI HM WIMpH- 
HbI C YUCTOM aHB30TpOHN 9CCeKTHBHBIX MaCc 4aCTHI B 3ABHCHMOCTH OT CO- 
cTaBpa MaTepuasia Oapbepa. 

CKOpocTHbIe ypaBHeHHa [JIA TJIOTHOCTH COTOHOR, konuennpauin QJICKT- 
POHOB MH 3KCHTOHOB HMEIOT BHI: 








dN J WN N 
ha a a ae (2) 
e 
dt Ss ex 
iN. ee ow —— 
x.) te _qn Pp, | (3) 
d T tT" ex 2 
f ex s 
wf N_* | 
= ANP + B———-, (4) 
dt | v. i 
Marepraani 6-1 Meaagynapoguot Agemcroit “Aaxponoanonoit Keutepenynn AgerHaRa G6. 16-19 cewrabpa 1996 r., Cesacronoan, Kpvim, Yepanna 
3 OO Proceedings of 6th International @eemean r*Aecrowave (anference CeevAtq7a'96. 16-19 September 1996, Sevastopol, Crimea, Ukraine 


dP N P 





2 2 
=ON P+ Bp———2. (5) 
ex * 
dt (ee 


3necb N- KOHWeCHTpallNa HOCHTeJIeH 3apaya (OJIEKTPOHOB), HHXKCKTHPOBAaH- 
HbIX B AKTHBHYO OOacTh, J - MIOTHOCTh TOKa HakauKH, Qy - koacbdunneHT 
onTHgeckoro ycusieHHa, P, - WIOTHOCTh CPOTOHOB, BOBHMKAaIOWIMX OsIaroqapAa 
W3J1y 4aresJIbHOM peKOMOMHAHH HHXKEKTUPOBAHHBIX B AKTHBHYLO OOJ1aCTb dJIeK- 


TPOHOB, € - 3aps]{ WieKTpona, 7. - BpeMA CHOHTAHHOM M3JIydaTesJIbBHOH PeKOM- 


OunHalnu HOCHTeJIeH, d - TOJUIMHA AKTHBHOM OOsIacTH, N_. - KOHIeHTpalua 3K- 
CHTOHOB, BO3HUKAarFOIIMX O1arolapa CBA3bIBAHHEO HH KCKTHPOBAaHHbIX HOCHTEJIEH, 
* 


UT. - BpeMA CHOHTAHHOM M3yyaTeMbHOH peKOMOMHANAM SKCHTOHOB, 
T _ ~ CHOHTaHHOe BPeMA 2KH3HH SKCHTOHHOFO YPOBHA (BPeMA CBA3bIBAHHA MH- 


*KEKTHPOBAaHHOPO, CBOGORHOLO HOCHTEeJIA B 3KCHTOHE ),  - HOI CHOHTAHHOTO 
H3JIYUeHHA, WOMaWalOllero B 1a3epHytO Mop, P,- NOTHOCTS C—hOTOHOB, BO3HH- 
KarOllUX B pe3ysJIbTaTe peKOMOHHalMH SKCHTOHOR, © p ~ BP€MA 2KH3HM CPOTOHA B 
pe30naTope . 

Ia yooGCTBa pellicHHA CHCTCMBI CKOPOCTHBIX ypaBHeHuit (2-5) mpoBeze- 


Ha HOPMMpoOBKa MepeMeHHDIX: N~l/at |; N_~ L/at Pw~l/at ; 


* 7 * 
P~l /at*; J~ed/QT 7; ¢~T*. 


C yueTOM NpHHATOH HOPMHPOBKH CHCTeMa ypaBHeHult (2-5) nepenMmerca 
Tak : 


dN 





a I-N-(N-N JR YN, (6) 
=! 7 |r (N Ro! — — Pf _ 6) 
“2 " yr aa 7 ie ex : 2 k 0) 


3yech Y, =T. a ‘in r Va ®, /T", IT - koacbqpuuMenT onTH- 
yeckoro orpaHHuenna, N - KOHICHTpailda IIEKTPOHOB, COOTBETCTBYIOMad Ha- 
CTYIIJICHHIO HHBEpCHH. | | 

BaTT-aMiiepHble XapaKTepHCTHKH HHXKCKIMOHHOrO KBaHTOBO-pa3MepHoro 
Ga As/AL, Ga, As na3epa ObisiM pacuvTaHbl Ha OCHOBe CTal{MOHapHEIX pellie- 
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Hu ypaBHeHHi (2-5) win (6-9) 


Lil. 3axnwuenne 


[lony4uennpie B pabote pemienua ypannenua Uipenunrepa 21a pa3sIM4HbIXx 
KOHCUry palvii KBAHTOBO-pa3MepHbIx CTPyKTYp MOryT ObITb MCNOJIb3OBaHbI D/A 
BLIUMCICHHA UACTOT M3ITYUaTeJIbHbIX JIa3ePpHbIX MepexXOMOB, a pewleHuA CTarH- 
OHAPHbIX CKOPOCTHBIX YPaBHEHHii HO3ZBOJIAEOT OLCHHTD IIJIOTHOCTH CbOTOHOB, KOH- 
LICHT PalHtO 3JICKTPOHOB HM IKCHTOHOB B AONOPOroBOH, MOPOroBOH HM BbILIeMOpo- 


ropok oOacTax. 
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EXCITONS IN SEMICONDUCTOR INJECTION LASERS 
ON QUANTUM WELL STRUCTURE BASIS 


Vantsan V.M., Pashchenko A.G. 
Kharkov Stafe Technical University of Radioelectronics, 14 Lenin Ave., Kharkov-310726, Ukraine 
fax 0572 409113 


The results of investigation of exciton effects on the generation process in semiconductor injection lasers on the base of quantum 
well structures (QWL) are presented. On the base of Schrodinger equation solution the quantum well effect origination mechanism 
is shown, the excitons increasing significance in the process of generation of laser radiation is substantiated. The Winner-Mott 
excitons behaviour in QWS of various configuration is considered as well as the dependence of particles (electrons, light and heavy 
holes, light and heavy excitons) energy level on the mole fraction of aluminium - the third component of solid solution of barrier 
material. On the base of the classical rate equations, taking into account the excitons, the dependences of the photons and 
electrons quantity on pumping velocity and temperature were obtained. The computations were carried out in the below threshold, 


threshold and above threshold regions; the laser characteristic of transition from the superluminiscence to the generation regime is 
observed. 
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CARRIER TRANSPORT PHENOMENA IN SCH 
QUANTUM-WELL LASER DIODES FOR MICROWAVE 
FIBRE OPTIC TELECOMMUNICATION SYSTEMS 


Wolfgang Freude* Igor A. Sukhoivanov! 


Abstract 


The modulation capability of separate confinement quantum-well laser diodes de- 
pends strongly on carrier transport and gain saturation phenomena. Ambipolar 
diffusion, and a nonlinear gain compression factor eg which varies with the injec- 
tion current are discussed with a view to the large signal behaviour of the device. 


{I Introduction 


Carrier transport effects influence significantly the high speed dynamics of quantum-well 
laser diodes (LD): Firstly, the flow of carriers from the device contacts into the active 
region and their interaction with the resonator photons introduce time delays and reso- 
nances [1] |2], secondly, the intraband Coulomb and LO phonon scattering of the carriers 
cause a nonlinear gain saturation [3]. Detailed models have been developed varying widely 
in mathematical and numerical complexity; however, for illustrating the basic principles 
relatively little sophistication is required. 


II Laser model and results 


Ambipolar diffusion and lifetimes Figure 1 shows the flat-band energy diagram of 
a o-layer P1i1N separate confinement heterostructure core (SCH, subscript K) of width 
dx = 163nm with a single narrow quantum film (QF, subscript F) of width dp = 5. 7 nm; 
W1 (Wy) are the energies of the conduction (valence) band edges, Wen (Wyp) the quasi 
Fermi levels, L,, (Lp) the diffusion lengths for electrons (holes), and the quantities Dr.) = 
70;5cem?*/s, Da = 2D,Dp/(Dn + Dp) = 9cm?/s, r, © 0.5ns, Le = /Dat, = 0.67 um, 
6=3ym, DL = 100 um deprenci the diffusion constants for slectrons and holes in the core, 
the ambipolar diffusion constant, the ambipolar lifetime and diffusion length, the width, 
and the length of the active region, respectively. The simplified embedding equivalent 
circuit of the LD in Figure 2 includes the nearly current-independent quantities bulk 
resistance Rg = 4 and reverse-biased junction capacitance Cyn © 2pF, the influences 
of which will be neglected here. The external voltage U = Ux and the injection current 
f = Ix drive the inner LD model; the voltage Ux = (Wrn— Wry) /e = U—Regl across the 
core region is determined by the separation of the quasi Fermi levels and the elementary 
charge e; at and above threshold, this difference becomes fixed by the lasing process. 
Current I x, and core carrier concentration nx near x = 0 depend on Ux (constants I, 
ns, temperature voltage Up = kT/e = 25mV) as ng = ng eUK/CUF) and Ip = I, eUK/ CUP), 
Typical device data are found in [4, Table 3.2] [5, p. 1999] [6] [7] for a (Ga;_, Al,)As 
LD emitting at a vacuum wavelength \ = 0.85 ym. At threshold (subscript S) the carrier 
densities in core and film are nx,rg © 2.5 x 101%; 4.4 x 10'8cm~3, so the average carrier 


distances amount to éx.p * nae ~ 34;6nm. The de Broglie wavelength at room 
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temperature for electrons (holes) is Ap.» = 30; 11 nm, while in GaAs the scattering length 
over which the electron (hole) wave maintains its phase coherence amounts to about 50 nm 
(about 7 nm, because of the sevenfold larger hole mass). Therefore, the carrier transport 
may be treated classically with the ambipolar diffusion model assuming charge quasi- 
neutrality assuming n = p (neglecting the small regions of one Debye length Lp < dx next 
to the QF), and strong forward bias (high total current density Jx = 200...900 A/cm”). 
Ambipolar recombination rate r, and lifetime 7, in core and QF depend on n and on the 
recombination coefficients A = 1/(0.5ns) (non-radiating), B = 7 x 107*° cm? /s (radiating 
band-band transition), C = 0 (no Auger processes for (Ga,Al)As; C = 4 x 107*° cm®/s 
for (In,Ga)(As,P)), 


ral) = n/Taln) ; tin) = (A + Bn+ Cn?) (1) 


Because A >> Bnx + Crnx is valid, dra(nx)/dnx = 77* = A holds in the core. A small- 
signal ansatz of the type Q(t, 2) = Qo(z) + R{Q (a Je jaty with angular frequency w leads 
to the ambipolar diffusion equations 


( — i) neo(xz) = 0, (& —-L*(1 + jwra)] fix(z)=0, tTer=% (42) (2) 


The solution [8] of Eq. (2) requires appropriate boundary conditions (BC). Below thresh- 
old where induced emission from the QF is negligible we apply Neumann BC (NBC) 
dnxo(z)/ da|sax/2 = tJKo0/(2eDnp); the upper (lower) sign belongs to the first (second) 
subscript n (p). Above threshold where ny and nx become clamped by the lasing process, 
the core has to be divided into separate regions x < 0, x > 0, so that mixed BC (mBC) at 
x = 0 (Dirichlet, nx (t,0) = nx0(0)), and at « = +d, /2 (NBC as above) are appropriate. 
Therefore, the small-signal charge-up time constant is Tx = Tq below threshold, while 
above threshold it is reduced to the ambipolar transport time Tx = TK 7, Eq. (2). So 
under large-signal conditions, Tx also depends strongly on the operating conditions. 
Figure 3 shows the stationary solution of Eq. (2) for mBC, displayed as the rela- 
tive difference of nxo(x) and the mean fixo = 7 ies if nxo(z) daz. The cases Jxo = 
10; 100; 1000 A/cm? illustrate the situation below, at and above an assumed threshold 
density nxo(0) = 6.24 x 10'” cm~?: Below ‘threshold’ (which is physically not relevant for 
the case of a LD because nx9(0) becomes only clamped at and above threshold) the QF 
would act as a carrier source, so Nx0(|xz| > 0) is depleted. Above threshold (right scale in 
Figure 3), the QF truly sinks the carriers, and the concentration curves are very nearly 
straight lines. At threshold, the sharp edge at x = 0 has disappeared; this mBC curve is 
identical to all possible NBC plots with arbitrary Jxo/e = dxiixo,npc/Ta. For NBC, the 
differential carrier increase is dixo, npc ~ dJxo0, while for mBC in the case of a LD above 
threshold only the carriers in excess of nx s depend on Jxo, and d(fixompc —NKs) ~ dJK 
holds. With (fixo mpc — %xs)/fKo,nBc = TKT/Ta, the above discussed differences in 
Tk may be understood. The local nxo(x) deviates from fixy only in the order of 107*. 
Exclusively for Figure 3 we chose the parameters dx = 100nm, 7, = 10ns, Te 7 = 1.3 ps. 


Nonlinear gain saturation Depletion of the optical gain has a strong impact on the 
relaxation of the LD light power; it is caused by spectral hole burning (formation of 
a dip in the carrier wavenumber distribution function at the optical laser resonance), 
and carrier heating (the electron ensemble having roughly the average energy Wr,, is 
heated by stimulated recombination at lower energies because cool carriers are removed, 
simultaneously cooling the hole ensemble with average energy Wry; the optical gain reacts 
very sensitive to small temperature changes of the carrier equilibrium distributions). The 
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carriers redistribute within the intraband relaxation time in the order of Tg = 0.1...0.2 ps. 
The microscopic description of carrier-carrier and carrier-LO-phonon collisions by treating 
the kinetics of the distributions in terms of the Boltzmann collision integrals includes 
inherently both effects. The nonlinear saturation of the gain is empirically described as a 
function of the photon number Np with a saturation factor ec, 


Tp ian Tho 


G Np) = Gop -——-——-——— 3 
(np, p) OT heer Ne Vee ( ) 


where I’ = 0.036 is the optical field confinement factor, Go = 7.22 x 107° cm°/s the 
differential gain, no = 4.24 x 10'8cm~? the film carrier transparency concentration at 
G(no, Np) = 0, and Vp = debL = 1.7 x 107! cm? the volume of the active region. The 
dependence on Np is principally unphysical, because the gain only reacts to the carriers. 
Figure 4 shows €g as derived from the quantum mechanically calculated stationary gain 
(e) [3, Fig.1c (solid line, boxes)|, and the fitted (——) empirical function of the normalized 
pump rate [7 = I/Ig (threshold injection current Is), 


EGU) = EG (1 — ale PH 46! e AT) EGoo = 0.94 x 107" em™. (4) 


The empirical constants are a’ = 1.0206, b’ = 0.0986, c’ = 0.0206, d’ = 0.0853. Far 
above threshold, IZ >> 1, the saturation factor corresponds to its asymptotic value Eco, 
while below and near the threshold eg strongly depends on JT. 


Rate equations We consider a gain-guided laser diode oscillating in a single transverse 
and longitudinal mode with a photon lifetime 7p = 2 ps. The carrier numbers in core and 
film (volumes Vi,7) are Nx,r = fix,rVx,r With nx.p (t, 2) © fix.p(t). At the transparency 
point we have Y = Yo = no/nrg = 0.963 and X = Xo. Normalizing to appropriate 


threshold values (subscript S, aE LPEGoo = 0.0037) leads to the rate equations, 














_ Tle _ Nr/tKs _ Ne/ters _ Np/tp 
if 7 Is/e ’ . x = Is /e ’ Y= Ig/e y Z ee Ig/e y (5) 
Is/e Y—Yo 
HUH) = 97, 2 eUiD); GnUIL Y,Z) = ay aeons 


tea = (Gw(IL,Y,Z) -1] 7+ Q(Y)Y 


Teff S 


T eff Soe “= Tea (Y) Yo airy x ~ Gn(ILY, Z) Z, TK(X,Y) aoe 





Ta(X x 75), Y<YVY 





Xo 
TKS; Y>Yo 


Se, 


(sar ae Gea 

| (6) 
The classical 3D core carriers have to be related [10] to the 2D QF particles [10]; carriers 
leaving the QF by (mostly) thermionic emission have a lifetime Tp = 40ns. A weakly 
Y-dependent normalized factor Q(Y) with Q(1) = 3.8 x 107° describes the spontaneous 
emission Into the lasing mode. Non-radiative and spontaneous emission from the QF into 
all resonator modes is summarized by an effective lifetime teg(Y) = Ta(YNrs/Vr) = 
0.5ns x (1+1.54Y) < rp from Eq. (1) with Teg 5 = Teg(1) = 0.196 ns. For the core 
carriers, an effective QF capture probability of one is assumed here; it is determined by 
the reciprocal of the very small capture times for electrons (holes) Teapn.p = 1.2; 0.65 ps 
5, p. 1994]. The dominant core lifetime may be computed from Eq. (1), Tx(X) = 
TAX Ni s/Vx) = 0.5ns x (140.009 X)~* with rx ¢ = Tx(1) = 0.496ns. The onset 
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of the clamping process is assumed to be Y = Yo; then, the core carrier lifetime is ad- 
justed to Teo = Tx gXo/IT = 0.364ns such that for constant JJ = 1.5 the stationary 
carrier number X = Xp & 1.1 would remain at its transparency value if Y > Yo. 

It must be emphasized that the approach Eq. (6) is phenomenological, and that the 
consistency of the parameters may be debated. However, our purpose is to demonstrate 
qualitatively important large signal effects. Specifically, 7% is much larger than the small- 
signal charge-up time Tx 7 = 0.0074 x Tx 5 = 3.7ps from Eq. (1); still, the effect on the 
response of the LD to a current step is significant. 


Numerical results Solving the stiff system of differential equations (6) poses severe 
numerical problems. We used the Livermore Stiff ODE Solver ‘backfull’ provided by 
Maple V Release 4.00; still, our choice of the lifetimes Tpegs.n 5 © 2;200;500 ps is a 
limiting case, an increase to Tx gs = 790 ps leads to instabilities. The situation becomes 
even worse if Tx(X,Y) is switched, Eq. (6). As initial conditions at t = 0 we assumed 
X=Y=2Z2=O0Oand I = 1.5. Figure 5a; b show the outcome for constant core carrier 
lifetimes Tx (X,Y) = 496;14.8ps. Neither step response meets real-world criteria: in 
Figure 5a, the time delay till the photon number Z rises (vertical line) is realistic, while 
the steady-state response Z ~ IT — 1 = 0.5 is reached much too late; in Figure 5b, the 
initial time delay is unphysically small because the core charge-up time is much less than 
the true Tx. In Figure 5c, Tx(X,Y) is switched according to Eq. (6). The initial time 
delay is determined by 7x till the film carrier number Y reaches Yo; then, the transport 
of carriers into the QF is greatly accelerated, and Y overshoots. The following steep rise 
of the photon number Z is so strongly damped by the sharply increasing gain saturation 
factor €c that Z returns without ringing to its steady state value inside about half a QF 
lifetime Teg; during this time, Y remains smaller than its steady-state value which is 
hardly to be seen in the graph. 


III Conclusion 

Phenomenological models for carrier lifetime and optical gain depend on the instantaneous 
values of pump rate JT, carrier numbers X,Y, and photon number Z. While quantitatively 
correct results cannot be expected from this approach yet, we showed typical differences 
in the large-signal behaviour as compared to unrealistic constant-parameter models. 
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Figure 1. Flat-band energy diagram of 5-layer Figure 2. Embedding equivalent 
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mean value fixo for ambipolar diffusion and fixed the normalized injection current 
nx (t,0) = 6.24 x 10!7cm73 (threshold JT = 1) 
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Figure 5. Normalized core and film carrier numbers X and Y, and photon number Z in 
response to step [7 = 1.5 of normalized injection current at t = 0. (a) constant core carrier 
lifetime rx *0.5ns  (b) constant core carrier lifetime Tx ~ 15ps (c) variable core carrier 
lifetime depending on Y: below transparency point (Y < Yo + 0.96), Tx 0.5 ns; at and above 
transparency point (Y > Yo), Tk © TK gXo/I = 0.36ns so that X = Xp & 1.1 
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®IYKTY AUMOHHO-PERAKCAHMOHHAS HEYCTOMYHBOCTL WH TEHEPAUAA 
BEJOTO BIYMA B PEJOHAHCHO-TYHHEJIBHON CTPYKTYPE 


. O.T. Taspunos, 1.1. Ksatxeany 

HY “Tlynecap”, Poceus, Mocxea, 105187, Oxpyatcnott npoee30, 0. 27 
H.A.O06yxos 

HHH “Teroma’, Poccus, Mocxea, 105122, HHenxoécxoe wocce, 0. 


ABHOTRUNH 


Tloxa3ano, 4rO B CIpyKTypaxX HA@HOMETPOBbIX pa3mMepoB Hapasyy Cc OObMHEIMH ULyYMAaMM MOLyT 
CYIICCTBOBATh CcHeyHdHyeckHe KBAHTOBbIC DIyMbl, NOpoRpaemble ilykTyalMAMH IleEKTPOXMMMYeCKHX 
TOTCHUHAIOB HCPABHOBECHIX IICKTPOHOB. B pesoHaHCHO-TYHHEJIbHbIX CTPYKTYPaX BOIMOXKHO Pa3sBuTHe 
HeyCTOH4MBOCTH TO OTHOINeCHHIO K 9THM bilyKTyauwAM H, Kak cHeycTBHe, renepatuH Senoro mymMa 
6onbIwOH MOLMHOCTH. 


I. Baezenue 


B paG6ore [1] onucaH 3KcnepHMeHT, B KOTOPOM HaOmrogantach TenepalMdA SNeKTPOMarHUTHbIXx 
KoneGanuii CO CHeEKTpOM THNa Genoro ItyMa pe30HaHCHO-TYAHEIIbHBIM AMOZOM, npeycrapmaoluHM coook 
PesoHaHCHO-TyHHelbuyio Crpyxtypy (PTC) Ha nonmyx3onupyromel nan nt-nognoxKke. OHOMOTOBAS 
reHepalua CMrHasa B 9TOM Clly4ae OTCYTCTBOBaIa, a B HCCIEMOBaHHOK Nonoce yacror oT 10 MI'y wo 25 
ITy wa6moganca toupKo Genpiii urym. PaSoyaa rouxa BerOupanach Ha yaacTke c OrpnuatebHor 
Jlug@depenuuanpxot Tiposogumocreto (OJITT} Bonpt-Amnepnolt Xapaxrepucruxu (BAX) npudopa. 
Iipu cmemennu paSoyeli TOUKM Cc dTOrO y4acTka renepaliMa npeKpauranach. CyMMapHad u3irydaemas 
MOWWHOCTh (P) cocrasnna 20 MkKBT, a pacCUHTaHHad Ha OCHOBE 9SKCMCPHMECHTAJIbHbIX TAaHHbIx 
CiekTpasibHad WNOTHOCTh MOLWHOCTH Wyma (SP) oxa3anacb papHon 2.91x10°. 

Mpeanpwuatoe B [1] uccneqopanue psaumogeiictaua PTC c nognomKon uepes pacipeReneHHyto 
TpaHHUy MOKa3ano, pH KakHX YCHOBHAX MOANOXKKA MOXKET CTATb PCSOHATOPOM JIA 3ICKTPOMAFHHTHBIX 
BONH pamHouacTroTHOrO AManazoHa. OoHaKO BONpoc O6 ucTOUHMKe HaOmtoqaemMoro B 9KCHepHMeHTaX 
WlyMa OCTaNCA OTKPLITBIM. OOLIHbIe BUI LIYMOB: TenMIOBOH, APOOOBOM, PeKOMOMHAIMOHHbIM Tarot 
mia SP pennanny Nopadka CAMHMIbI, TO CCTbh B CTO ThICAY pa3 MeHbIUe HaOmOQaemoro 3HayeHHA. B oTOH 
paSote npenIoKeH OMA 43 BO3MOKHLIX MCXAHH3MOB BOSHUKHOBCHHA CTOMb 3HAYKTCIBHOLO LyMa. 


Ik. OaAyKTyaQMN IAEKTPOXHMBYECKHX NOTCHIHAIIOB 


Jind ahas3a 38BHCALIMX OT BpemeHy MpoueccoB B PTC Mb! BOCHOIIb3OBaNMCh HECTal|HOHaPHEIM 
BAaPHAHTOM ypaBHeHH MepeHoca 3apaa, XOPOLWIO 3aPCKOMCHAOBABIUMX CeOa MPH aHANH3e CTATHYCCKUX 
xapaxrepucTuk PTC u npxH6opos Hwa ux ocnose [2,3,4]. Ha puc. | mpusenenbl aya Mpumepa 
9KCHEPHMeHTaNbHas MH TeoperHueckaa BAX PTC. B npoctrpaHcrBeHHo-oqHOMepHOM nipHOnmxKeHHH 
ypaBHeHnna MonenH OyyT MMeTb BH: 

On / Ot + Oi / Ox = (te/4h)(d: — 6,)(m1 + ny), 

On, / Ot + Gi, / Ox = (ne/4h)(b. — d:)(n1 + Ny), 

6(e60/0x)/Ox = e( n — N), 

n=t+ ny, (i) 
re: Nj, -~ KOHMCHTPalHH SIeKTPOHOB, NOMayalowjux B CTPYKTypy H3 IeBporo HW NWpaBoro KOHTAKTOB 
COOTRETCTBeHHO, GyHeM Ha3bIBaTb MX Wanee “eBbIMH” HW “HpaBbIMH” 3IICKTPOHAMH, it, - CpeqHHe 
MIOTHOCTH MOTOKOB 3THX 9NeKTPOHOB, dir - WIEKTPOXHMUYECKHe NoTeHWHAabI “WeBLIX” Hw “npaBbix” 
SIIEKTPOHOR, @— - WeEKTpoctratHyeckHi noTenunan, N - KOHHeHTpalHa JOHOPHOH nIpHMeCH. 

Iipennaraemaa MOzeIb MO3BONAeT, B NpHHUHNe, Wath NONHOe AMHaMMYecKOe ONnMCcaHHe 
nepeuoca 3apsa B CTpyKTypax c KBaHTOBLIMH cBOlicrBamH. Kyiaccwyeckue H KBaHTOBbIe OOnacTH 
npHOopow MOryT GbiTh vcce_OBaHb Hpw 3TOM B pamMkax efMHOrO dopmManu3ma. 3yech Hac OyayT 
WHTepecoBaTh AMHAaMHYeCKHe YpaBHeHHs JIA MaJIbIX BOIMyIeHNY (iyKTyalMi) BeIH4HH dir, a TOUHEE 
MX CleayIOWMx KOMOnHAaLNH: 

b-=b1- Oc, + = bi + Or. 

Kpome toro, 1To6bl He YCHOKHATh 342ady aHaNH30M MpOCTpaHCTBeHHOW AMCMepCHH, MbI OrpaHH4HMcA 
PacCMOTPeHHeM TONBKO He 34BUCAIMMX OT KOOpPAMHaT ilyKTyauH. 

Tlockonpky alee mpeynonaraetca uccneqoBaTb noBezenve 6>, B PTC, To npa BapbupoBaHuH 
ypapyenwii (1) neo6xoguMo y4ecTh HeABHYIO 3aBHCHMOCTS KOoppuuKeHTa MpoxoxTeHHa D or 
HpwoKeHHOrO HanpsKenua V (cm. puc.2). JloKanbHO 3TO MOKeCT NPOABIATLCA B 34BHCHMOCTH BCIMUHH 
Pir HM jir OT b. HW mOMeH Ah,./Ox. Mbi orpaHM4MMcH Yy4eTOM TOMbKO 3aBHCHMOCTH MHKPOCKOMMYCCKHK 


ngloTHOcTeli oT >.. HanoxumM, KpOMe TOTO, HONOMHNTENbHOe youOBHE Ha yKTyalnn: 


5(m + n,) = 0, (2) 
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OTpaKaroOllee WOKAbHOe COXpaHeHHe MONHOTO 4HMCHa 4aCTHH pH nepexogwax Mexyy “eBbIMu” 
“ipaBbIMw” sneKTpoHamn. M3 ypapuennii (1) u (2) nomyuun: 


g G5 /at = — Ao 56, 
5+ = (2/o+)(y+ — (a_/2))8o. , (3) 


rye: 
Vr1 = (eB)! dE fr Op, /0o. » Apy=—- J dE Pr f ‘fb fis (y) = Of, (yy Oy ‘ 
y= tO, Ye = H+ Ye, Ao = WkpT/Sh. 

Ald BEIMUMAbI q CripaBeIUBO BLIpaKenne: 


q = cate (1 (you) +(yr/orr) in (u+o1,). (4) 
ip ycnoruu, ¥TO B Moment t = 0 duyxryauna 6h. = 5h.(0), cornacno (3) nonyaun: 
dp-(t) = S-(O)exp{-At}, A = Aoiq. (5) 


B COOTBETCTBU C TEPMOAMHAMMKOH, CpeyHee 3HaYeHHE (biyKTyalluN MHTeHCHBHOK nepemeHHoOii O. paBHo 
HYJHO, @ JIA Cpe{Hero 3Ha4eHHA KBapata STON BENMYMHI CUpaBeAIMBO COOTHOMEeHHE: 

<65.(0) 56.0) > = (kpT/e)?(SLn), 
rye: Su L - nomayp ceyenna uw {ima paccMaTpuRaemol o6mactu. 

Ecnu o6jlacTb, B KOTOpOK uccHenyeTca mepeHoc 3apaya ONNOpOAHa, TO OTMMGHE >. OT HYIA 
CBA3aHO TOMbKO c diyktTyanuamu. B stom cnyyae yr = Ou A > O. [na cnexrpanpunrx moTuocteii 
(bayktyaunl >. 1 bs 


e@) 
S».,(@) = 2 Re(J dt <8.,1(0)54.,4(Q)>exp fiot}), 
0 


nowarad, YTO Cy WaHHEI Npowecc craljMoHnapen, NOMyYHM: 

S4-() = 2A((kaT/e)?(SLn))(A2 + 2), 

Sg+(@) = (c./a1+)?S4.(@). 

CyuiecTBeHHo, uTO A ~ h”! uw, cneqoBaTenbHo, So+, ~ h, TO ecTb MbI HMeeM eNO C KBAHTOBLIMH 
(ryktTyalMamu. 

3ameTuM, uronpH V#0 azo, ua. # 0 qaxe Wid ONHOPOAHON cTpyKTypHI, TOCKONEKY 
TIPWIOKCHHOS HaNpsKEHHe HCKaKaeT NOTCHIMANLHEIM pembed. B KOHTaKTHbIx OOsacTax crpaBenyMBbl 
rpanuqHele yCnoBHA: 

+(Xo) = 0, b+(xv) = 2V, 
nosTOMy dptykTyaHn >. npHBoRAT K PryxtTyauuam V, TO ecrb K WymMy Hanpsxeuua. Ja chekTpaLHoii 
MAOTHOCTH MOMHOCTH HIYMA ChipaBesvIMBO BbIpaxkeHue: 

SP(o) = Sy(@)G/kgT 
mp “acToTax @<<hoy (ecnu T = 300 K, To Ao = 5x10!2 Pu) nonyaun: 

SP =(a/a+)*(kpT/e2)}G/2ASLn. 
3nech G = O/OV - craruueckad WpoBOAMMOCTE CTpyKTypbsl, I - nOmHbI TOK. 

EciM BOCHONb30BaTLCA CTAHWapTHbIM BLIpaxKeHveM JIA BenuuMHD! G B OAHOpoRHOH Obnactu [5], 
TO MOJY4HM: 

SP = (o-/a+)}*(ht/2mm*L)? = (a-/a+)*(La/L)? (6) 
Benwunna La ~ 10° cm ana GaAs. Tipu L>>Lg rym nopoxgaembiii w3yaaembIM Wponeccom 6yyeT MHOrO 
MeHbIUe, 4eM OOLMHbI TenOBOK (HalKBHCTOBCKHH) Lym. OqHaKko, npu L ~ La u L << La uccnenyempie 
IWYMbI MOTYT CTaTb NpeRasMpyloijHMuH. CooTHomwerne (6) MOKeT, 1O-BHAMMOMY, HOCILYKUTh OCHOBO 
Tia SKCHEPHMEHTANbHOH NPOBEPKU H3IOKCHHOH 30eCbh MOTEHH. 


I. OnyKkTyauMonno-pesyaKcanHoHHan HeyCToiHaMBOCcTS 

B cnyuae PTC nosegenue pryxtyannit b. MOxeT OnITb CylieCTBeHHO HHbIM, 4eM B OAHOPORHON 
oOnacru. Bce ocoSeHHoctu PTC caa3anbi ¢ HaIHYHeM IA MOTeHYMAaNbHOTO pembetba 9TOM CTPyKTYpbEt 
YPOBHA SHEPrun, Yepe3 KOTOPbI BOSMOKHO pe3sOHaHCHOe TYHHENMPOBAaHHeE JeKTpOHOB. Kak BHXHO Ha 
puc. 2, Tp M3MCHeHHH HalpsKeHMA MPOMCXORHT cyulecrBeHHOe u3MeHeHHe KOsdPunHenTa 
NPOXOKMCHHA BeKTpOHOB yepe3 PTC Ha pesoHaHCHOM ypoBHe 9HepruHM (Eps). IIpu nepexone na 
nagaroujun yyactoK BAX (cm. puc. 1) D(Ers) oucHb SrIcTpO yMeHBaeTcH C POCTOM NpHMIOKeHHOTO 
HanpsxKeHHA V. Tlosromy BesW4MHbI Yj, HE TOMbKO OTIHUHbI OT HYIA, HO MOTyT ObiTh OombiMMy B STOH 
oomacru. : 

Jlerko BugeTb, ITO, > 0, ay 2 O HY, < 0. CuenoBatenbHO, KoappuyMeHT g, cormacHo (4), 
MOXKCT MCHATh 3Hak. M3mMeHuTCA B STOM cCiy4ae WH 3HaK Y BeNMUMHbI A, YTO, B COOTBETCTBHM C 
BbipaxeHuem (5), MpuBemeT He K 3aTYXaHHW, 4 K HapacTaHuio dbuyxtyauuii d. . To ecrb - K noTepe 
YCTOHYMBOCTH pelieHHh ypaBHennit (1) OTHOCHTeNbHO MasbIX BO3MyleHHH. Mbt Gygqem Ha3bIBaTb STO 
aBieHue DnykTyauMonHo-PenaKcanwOHHOK Heycroitunpocrpio (DPPH), nonuepKnpas, aro peyb useT O 
HeyCTOHYMBOCTH B yDpaBHeHHAX, OMHChIBAIOWIWX B “HOPM@JIBHBIX” YCIOBHAX pemaKkcallHio 
WICKTPOXHMHYECKMX NOTCHUMAIOB “TeBRIX” U “IpaBbIx” SN€KTPOHOB Apyr K Upyry. 
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/lanee Mpr OyyemM paccmatpuBaTE OOnacth PTC c pa3mepom nopsaka La (La ~ 10° cm aa 
GaAs) 34 0paBbiIM NOTeHIMaIbHbIM Sapbepom, rie cnpaBeznuBo npuOmmxenne $.~ —V u, Kpome TOTO, 
MOXKHO peneOpeub NPOcTpancTBeHHOH 3aBHCHMOCTbIO *biryKTyauHi. 

YcuOBHe BOSHUKHOBCHHA HEYCTOHYHBOCTH BHITIAMT CieryIoutMM O6pa3om: 

yilor— yfor> 1. (7) 
3aMeTUuM, 4TO Yi HY; MOKHO NpencTaBUTS B BUIEC!. 

vi = (kpT/e) On/Od. + 01/2, 

¥c = (kpT/e) On,/Ob. — at,/2 
MH nepenvcaTh ycnopne (7) : 

(kp T/e)((Ons/0o.)/ou — (6n;/0b.)/a,) > 0 (8) 

B nattiem cnyyae ciipapeyimBpl npHOmmxKeHHble paBcHcTBa: 

On/p. ~ — On/OV > 0, On/Odb. »—- On/OV <0. 

Takum oGpa30m, ycnosux (7) 4 (8) OyAzyT BLINONHeHEI Ip aHOMAaIbHOM 3aBHCHMOCTH KOHICHTpalMit 
“HEBBIX” H “paBbix” 9eKTPOHOB OT NPHAOKeHHOTO HallpAKeHHA, YTO H HaGMHOMAeTCA Ha yuactKe BAX 
PTC c OAM. 

IlonatHo, uTo Hapactanne dnyKxryaynu 5b. Wo OecKONeuHOCTH HeBO3MOXHO. Ono orpanwueHo 
oOmacrbi0, re BbINOMHAeTCA ycnOBHe (7), KOTOpas B 1HO6OM ciy4ae He WIMpe, 4em yaactox BAX c OJ. 
bonee TOYHbIN OTBET MOKET WaTb YHCHeEHHbI aHanu3 NpOGMeMbI, ITO He BXOAMT B 3ayayuH WanHoili 
paOots. Mp crpemuMca TONEKO NPOAeMONCTpupoBaTh HamMuue scdexra MPH u nate rpyG6nre ouerKu 
ero BJIMAHHA Ha xapaxTepucTruKu npHoOopa. Passutue uykTyauwOHHOrTO Npoyecca BO BPeMeHH MOXKHO 
O4CHb TpHOWMKEHHO TIpeACTaBUTb BbIPaKCHHAMH: 


5.(0) exp {— Cact/q(t))}, mpn t € [0,t1) U (ty,00), 
d6-(t) = 
0, mpu t=t, 


—go, Npu O<t<t, 
q(t) = 0, npu t=tr, 
qi, pu t>t, 
re npenmowaraerca, UTO BEIHUNHA —qo = q(0) <0 , To ecTb paOouasa TOUKa BLIOpaHna Ha yaacTKe BAX c 
OJUT. Wp nexotopom 3Hayenny t = ty KoodcuunentT gq mpoxogNT 4uepe3 HOb, a 3aTeM OCTaeTCa 
NOWOKATEILHbIM HW PaBHbIM q; > 0. Ecim OCHOBbIBATLCA Ha Pe3yNbTaTaX UHCIICHHbIX PaCcueTOB, TO 
MOXKHO CYVTATh, YTO Go >> qi (Go ~ | - 50, qi ~ 0.25), uTO Mul uw GygeM NpeANOMaraTy. 

Jina CHhekTpaIbHOH MWIOTHOCTH, C YUCTOM CesiaHHbIX NpeswNONOKeHHH, Haliyem: 

So(@) © (2<54.(0)5o.(0)>/(A2+07)) {A(exp(Ati)cosati—1+oexp(At,)sinot} 
roe: A =Xo/go > 0. pu yenosun o <<, yuanTprBaa, uTo ti} ~ A '', nonyauM: 

Sg. © (2<59.(0)5g.(0)>/Alexp(Ats) — 1) 

Takum oOpa3oM, pv yactotax @ <<A_ Sy. OT YaCTOTbI He 3aBHCHT HM LIYM MOXKHO CanTaTb Genbim. Eco, 
HCXOJIA M3 YACIICHHbIX PacueTOB, NPMBATb qo ~ 25, TO A ~ 200 IT uy. Sro 3HaveHMe NpegeNbHOH YaCcTOTHI 
He NPOTHBOPeyNT IKCHEPUMCHTANbHbIM JA@HHbIM. 

Yi3 npusenenubrx dopmys cnemyer, aro moBenenue dryKtTyayuH B cnyuae MPH oxaszpipaerca 
CYLUCCTBEHHO HeTePpMOAHHaMHUeCKHM. CreKTpantbHad MNOTHOCTh 3aBHCHT He TONbKO OT kKBay—pata 
AMIMIHTYAbI HAYAIBHOH *PyKTyauuu, HO HW OT MOMCHTa BpeMeHH ti, B KOTOPbIN HapacTaHHe BO3MYLICHHA 
npekpallaetca MW CHCTeMa HepexOANT B pexkUM pewakcallMH. 

TIpencrapnsaerca pasyMHbIM NOMOKHTH, YTO: 

<dp7> = <d.(0).(0)>(exp(Ati) — 1) = (<d.(0}59.(0)>)!” AV, 
rye AV penmunua nopanka Vp — V, , TO ecTb onpemenaerca NpOTsKeHHOCTLWO ysacrKa BAX c OAT. 

Jit MOWHOCTH DIyMa B Momoce Aw = A/2 umeem BLIpaxKennve: 

P = GSy Ao = G<8o.2> = (GkpT/e) (AVASLn)!”). 
3ecb YATeHO, YTO MOCKONbKY B paccmMatrpuBaemol OGnactTu >. ~ —V, To Sy = Sy. . Cnexrpanbuyr1o 
TIIOTHOCTh MOLWIHOCTH LIYMa MOXHO MpexcTaBuTb B BHC! 

SP = 2G<8o.2>/(AkgT) = (2G/eA)(AV/SLn)}!”). 

Jina VMCcieOBaHHbIX SKCIepHMeHTaNbHO CrpyKTyp: S~105 cm, AI =Ip-l, ~2x10°' A. Pacueror 
WOKa3bIBaIoT, 4YTO B M3y4aemMoH OGnacTu n ~ 10! em 3. Ucnonp3ya 9TH WaHHble, mpH KOMHAaTHOH 
remnepatype (T = 300 K) nomyaum, aro P = 1.6x10° Br, a SP ~ 3.1x104. Kak pugqum, Hecmotpa Ha 
CHeiaHHble HaMH rpyGple Fonymenni, 3Hauenne WIA P xopomo cormacyetca c akcnepuMeHTOM. BemnanHa 
SP BEIUHCHANach B IKCIeEpHMeHTe MyTemM WeneHua P Ha kpT u monocy uacrot B 25 Tfu, Bp xoropou 
TIPOBOMAMCh M3MepeHHa. Ecru mpousBecrH mepecueT, yaHTbIBas, YTO COTaCHO NPHBeCHHBIM BbILIC 
oueHkam A »~ 200 ITu, To ana skcnepumMeHtanbHoro 3HadeHua SP nomyunTca 3Ha4eHHe 3.6x104, ato 
XOpOo Cormacyerca C TCOPeTHYeECKHM pe3ybTATOM. 

OTMeTHM OFHY BOKHYIO WIA TpHnoxKenvit OcobeHHOCcTh. M3 opmylibl Nit MOUHOCTH lityMa 
cienyet, uTO P ~ kpT(S)'2. Ana oOnranoro TensOBOTO LIyMa MOLIJHOCTh NPONOpiMOHabHa TOMbKO kpT. 
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HeoOpmnasd 3aBucHMocTb P oT reoMeTpHYeCKHX XAPAKTePHCTHK CTPYKTYPbI ABNAETCA B HaleM ciyuae 
cnencTaiemM (PH u HeTepmMogMHaMMyecKOrO nNOoBeReHua (pryKTyauuii. Jlerko yOenutpca, TO ecu B 
KadecTBe <Od.2> B3ATb TEPMONMHAMHYECKOE BbIPAKeHHE, TO MIOMabh S Bopmyne wna P coKpatutca. 


IV. 3akmovenne 


B sToli craTbe 10Ka3aHo, YTO OAHOM H3 BOSMOXHLIX NPHYWH BOSHUKHOBCHHA BbICOKOFO ypOBHA 
iiyma B PTC ssusaerca pbrykTyalMOHHO-penaKcalHOHHad HeyCTOM4MBOCTh, TO eCTh NOTeps yCTOMYMBOCTH 
ypaBHeHHAMH NepeHoca 3apsya NO OTHOLUICHHIO K MasIbIM BO3MYWICHHAM 9eKTPOXHMHYeECKOTO 
NOTeHWMana, BOSHMKAIOWai B CTpyKTypax, cTaTMueckad BAX KkOTOpbIX CORepxKUT yuacTOK c¢ 
OTPHLlaTebHOH AuddepenuMaibHOH WpoBpoxuMocTEH. [[peqnoxKenHbii MexaHu3M IWYMa@ HMO3BOILMeT 
YHOBNETBOPUTCNILHO ONMCaTbh H3BECTHbIC IKCIEPHMCHTAJIbHbIe WaHHble, OnpewenuTh OONACTh 4AaCTOT, B 
KOTOpOH WYM MOKHO CuHTaTb Oenbim, OODACHUTL OONbINIOe 3HAYCHHE CHeKTPaNbHOH MAOTHOCTH 
MOLJHOCTH IiyMa. 

@Mopmysa (6), OMMCbhIBaKOUIad CHeKTPaNbHy!O MIOTHOCTh MOUIHOCTH Wyma B OZHOpOsHON 
CTPyKType, 3aCTaBaeT Cepbe3HO 3aMYMaTbCA O CXCMOTCXHHMYCCKUX TepCMeKTMBAX 9dIEKTPOHHbIX 
MpHOopos cC aKTHBHEIMH OONaCTAMH HaHOMeTpOBbIX pa3mepor. I10-BH_MMOMY, IPH WOCTaTOUHO MAalIbIX 
pa3Mepax aKTHBHbIX OOsacTeli 9THX MpHOOPOB OTCTPOHTbCA OT HIYMOB, MOpOxKTaemMbIX pemaKcalneii 
INEKTPOXHMHYECKUMX MOTCHIIMaIOB, He yMactca. C yyeTOM 3TOTO cielyeT CTpOWTh CXeCMOTeEXHHKy B 
HaHOSICKTPOHHKe. 
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FLUCTUATION-RELAXATION INSTABILITY AND WHITE NOISE GENERATION 
IN RESONANT-TUNNELING STRUCTURE 


| Gavrilov O.T., Kvjatkevich It. 
“Pulsar” Research Institute, 27 Okruzhnoi Proezd, Moscow-105187, Russia 
tel. (7) (095) 3650530 
Obukhov 1.A. 
“Delta” Research Institute, 2 Stchelkovskoye Shosse, Moscow-105122, Russia 
tel.(7) (095) 5194408, (7) (095) 3679353 


The single resonant-tunneling structures (RTS) on semi insulating substrates and n* substrate were researched. Current-voltage 
characteristics of these structures contained the negative differential resistance (NDR) regions with the length of 0.05 V under bias 
voltage equal to 0.8 V for structure on semi insulating substrate and 1.2 V for structure on n* substrate respectively. The calculated 
limit frequency was about 2 GHz in all cases. Structures were placed into the measuring waveguide With resistance equal to 50 Q. 
Under conditions, corresponding to NDR regions of RTS characteristics the white noise generation was discovered. Any other 
oscillations were not discovered. The measurements were carried out in frequency range from 10 MHz to 25 GHz. The total 
radiated power was equal to 0.015 mW for RTS on semi insulating substrate and 0.020 mW for RTS on n* substrate. Spectrum of 
noise power was found about 10° k,T (T=300 K). The theoretical investigation has shown that white noise generation may be 
caused by two effects: 

- fluctuation-relaxation instability of electron gas in RTS, 

- nonlocal interaction between RTS and substrate. 
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AxHoTauMaA - fina paspaGoTKn Y4aCTOTHO-cenexTMBHbIx V3MepuTeNneh SHeEpreTMYeCKUX MapaMeTPOB CVTHAaMOB MM 
Avafiasoka ANVH BONH MepcnekTMBHb! MpeoOpasoBatenv MOLHOCTM Ha OCHOBe MOHOKpUCTannuyecKHx reKkcacbeppuToBbix 
pesoHatopos (FOP), vcnonb3youjve MovynauviIo WV ReMOAYNAyMIO MM cHrHanos. PaCCMOTpeHb! TeopeTMYecKKe sagauy, 
BOSH KaloluMe Mpv akanuse pa6oTb! MOAyYNATOpa uv AemMoAYyNATOpa Ha FOP. 


1. BBenenHne 


YacTOTHO-CeneKTMBHble W3MepvTenu sHepreTMYeckux MapameTpoB curHanos CBY yw mM gAvana30HoB 
ANUH BONH HEeOOxo_umb! ANA uccnegoBaHna U3sNyYeHu aKTMBHbIX NpuGopos, paboTatowMx B MHOFOYACTOTHOM 
PEXUMEe UNM UMEIOLUMX CBEPXLUMpOKONONOcHbIA U HeycTOMUNebIN BO BpeMeHK cnekTp. JNA sTMX WeNel MOXxKHO 
UCNOSIbSOBaTb NPOL|ECChI MOAYNAWWM MW DeMOAYNALYMM CUrHaNoB C NOMOLUbIO cbeppuToBbIX pesoHaTopoB (MP). 
Ana MM Quana30Ha ANWH BONH nepcnekTMBHO UCNoMb30BaHve MOHOKpUCTannuuecKux rekcadbeppuToBbix 
pesoHatopos (TOP) c SonmbuivmM BHYTpeHHMM Monem KpucTannorpaduyeckon MarHuTHOn AHV30TpONMU, He 
TpeByloLuUx rTpPOMOsAKUX CHCTeM NOAMAarHMuNBaHUA, 

U3sBecTHO peweHve 3aqay o monynayvn CBU-curHana c NnoMOLUbio Kpuctannorpacuyecku 
“M30TponHoro” MP, pesoHaHcHaw YacTOTa KOTOPOrO U3MeHHeTCA No TAPMOHUYECKOMY 3aKOHY C pagnouacToTon 
{2 Npw nepeMeHHOM Mone nogMarHvunBaHuA [1]. PeweHa TaoKe sagaua Oo AeMOxAYNAUMY aMNAMTyYAHO- 
MoAyNnMpoBaHHoro =CBU-curHana c MOMOUibIO “H30TPONHOrO” OP, HaXOMALIerOcA B MOCTOAHHOM None 
nogMarHuuvBanuar [2]. Ho ocobeHHocTblO aHanu3sa MOnYNALNN U AemMoAynAuMK Cc NOMOLIbIO [OP sBnAeTcA 
yueT Nona KpvicTannorpadnyeckow MarHUTHOK aHMsoTponMu Ha uv yrna ero OpveHTalMn Oy MO OTHOLWEHUIO K 
BHeLUHEeMy NON NOAMarHVyvBaHNA Ho npw yonoBun Ho<Ha. 

MoaynaunA MM curHana c nomMolbIo TOP moxerT ObiTb ocylwecTBNeHa fByma cnoco6amu: nu6o 3a 
CNET NeEpeMeHHoro Nona NoAMardvyuBaHuA (‘ronesoe" yrpasneHve), nuOo 3a cueT MeBMauMn yrna 
opveHTayun [OP Bonus HeKOTOporo HaYanbHoro nono KeHuA (“yrnoBoe” ynpaBneHnve). HlemoAynaAyuto 
curHana C MepeMeHHOK oruOatoujed MOKHO NONyYWTh 3a CHET W3MEHEHVA MposONbHowW cocTasBnaAoWwen 
HaMarHuyeHHoctu [TOP nw HaBegeHuA Of{C B asnemMeHTe cbema, Hanpumep, cnupanbHon MUKpoKaTyLuKe won 
AaTunKke Xonna a6nu3n FOP. 

Mpu OTHOCUTeNbHO SbicTpom ynpaBneHun pesoHaHcHon YacToToN TOP, Korga 4acToTa ynpasnsvtolWwero 
(mMogynupyrolmero”) Kone6aHur Q cpaBHuma unu npeBocxoguT YaCcTOTY penakcalnn cbeppomarHutHoro 
pesoHaHca (DMP) 8 POP, HeoOxoqumo yunTbiBaTh AVHAMUYeCKe ABMEHMA, CBASAHHbIe C UCKaxKeHVeM CbopMb! 
Kpusou OMP. AvanuTuYeckoe pewenHve Tako 3anaun 3aTpyAHeHO M3-3a HEOOXOAUMOCTH PeEWeHUA CUCTeMb!I 3- 
X AuddepeHyManbHbIx ypaBHeEHvA c mepeMeHHbIMNV KOS@ULMeHTaMN, KOTQa KOMMOHEHTb! BeKTOpA 
HaMarHUdeHHocTu CoBepwaloT KoneOaHnar c OTNMYAIOLUMMCA Apyr OT Apyra YactoTamnu [3]. 

OgHkako Ha npakTMKe Mpv w3roTOBNeHHn MOpYNATOPOB UCNOMb3yHTCR. YaCTOTb! MOsYNAUMN, 
CYLWIECTBEHHO MCHbIUNe, 4eM YacTOTa penakcayuu FOP (gecatKn KT - eAMHHUb! MTU npoTus gecatTKos MIy). 
B CBA3M C STUM MO)KHO BOCNONb30BaTbCA “KBa3ViCTaTHYeCKMM” NOAXOAOM ANA aHanusa NOBeAeEHMA KOMNOHEHT 
BeKTOpa HaMarHUYeHHOCTH Mpw NePeEMeHHOKW pPe3sOHaHCHOM YacToTe. B stom cnyyae cbopma KpvuBoi DMP 
copnafaeT CO CTaTMYeCKON, coOnogaioTcA cTaTMYecKNe COOTHOWeHKA MexKAY OPVEHTALMeN OCHOBHbIX 
BEKTOpOB: OCU KpUCTannorpacuyeckouw aHv3sotponun Ha, BHELWHETO MarHuTHOrO mons Ho wu PpaBHOBecHoON 
HaM@rHUYeHHOCTM Mo, BbITeKalolMe “3 MAHUMYMa MarHVTHOM sHepruu KpucTanna. Mpu stom ANA peweHur 
Safa MOKHO BOCNOMb3OBaTbCA CTATHYECKMM TEH3OPOM MarHUYTHOM BOCNDUUMUNBOCTH rekcadbeppua. 

Npu paccmotpexun AeMoAyNATOpa TakwKe MOXKHO BOCNONb30BaTbCA “KBA3ICTaTMY4eCKMM" nogxoyom, 
NOCKONbKY YNPaBNeHUA Pe3OHAHCHONM YacTOTOK [OP B stom cnyuae HeT. 


ll. Mogynauns MM CurHana c NoMOwWbIO [OP 


B "KBa3sucTaTuyeckom" MpuSnvwKeHv MM KOMNOHEHTbI HAMAFHVYEHHOCTU VM MarHuTHoro mona CBA3aHbI 
TEH3OPHbIM COOTHOWWEHNeM [4] 


m=y h, (1) 
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roe TeH30p MarHUTHOM BocnpuumuuBocTY [OP yvmeeT 9 KOMNOHEHT B AeKAaPTOBOM cucTeme KOOpPAUHAT (NpU 
KonebaHvu BeKTOpPa HaMarHV4eHHOCTH B mnocKocTM (yz), MepnexgvkynApHOK K HaMpaBneHuto 
pacnpocTpaHeHua BONHb! No ocn x) [5]: 


Ai IL g COSA, IX S10 Oxy 
¥ =| jx, cos8,, X >, 008’ I, xv, sin 8,, cosO,,| (2) 
—jx,sin0,, 7, cos6,, sin 6,, x, sin’ 6, 


Sfech UCNOMb30BaHb! cnenyoujMe O6o03Ha4YeHVA: @-HECyWaA YaCTOTa MM ClrHana, a- Se3pa3mepHbili 
NapametTp Auccunaiumu B ypaBHeHMmy SJlaHgzay-Jlvewuua [4]; Ms- HaMarHMYeHHOCTb HAaCbILEHUAA; Lo- MarKUTHaA 


NPOHUL{AeMOCTb BakyyMa; Y -TMPOMarHUMTHOe OTHOWeHMe; 4, = UMM .;@) = Yl os 4 = MoV 4: 


O,(@,+ jaa O,(0,+ joa 
y= Ota Nb A=@,0, -@°(a +1)+ joa(a,+@,); 
0, = @,cos0,,+@, cos’ 8, ; (3) 
O, = @,cos@,,+@,cos2 8, (4) 


roe Oy- yron Mexpy Ho “ Mo; 8H- yron Mexgy Ho Ha; 8o- yron mexay Mou Ha; 
Ap 3Tom pesoHadcHan YacToTta [OP Bbipaxaetcr cnenyiolwuM o6pa3om: 


a = YOO, (5) 


fing “nonesoro” vw “yrnosporo” ynpaBneHur npw Manbix ammnutTygax mMosynupyrouynx KoneOaHnu pesOHaHCHyto 
YaCTOTY MOMKHO BbIDa3NTb Kak 


og = Oy +O,, COSQA (6) 
B “KBasvcTaTM4eckom” cny4ae COXpaHAeTCA COOTHOWEHMe Mexpy yrnaMu a, 0, ‘ 6, [4] 
sin20, =2H,/H, xsin(6@, —9,) (7) 
=O, +0; (8) 
Kagan issandueuis TeHsopa uMeeT AelicTBnTerbHylo MW MHMMY!0 4acTH: 
Kop Lia th (9) 


MoxkKHO NPEACTABUTbh MM NMONEPeYHbIe KOMNOHEHTb! BEKTOPa HAM@rHUYeHHOCTU Kak KONeOaHUA C MeANeHHO 
MCHAIOLUUMUCA pias vu cbason, 


=G, cos(at+@,),rae =x,y (10) 
npvi Vcnonb3OBaHMU MM BONHbI C KOoMNOHeHTamH /, ,h, (HanpuMep, BONHbI Hi9 B NPAMOYrOsIbHOM BONHOBOA.). 
eave he. Piz, +z.) 0, hy, AM Mya A, « (11) 


rae =A, = 8) ey se eee em 


vamnnntyga Go MOxKeT 6biTb pasnoxKeHa B PAM Pypbe u paccunTaHa YNCNeHHO: 











00 
= et 124 (2% cosnQt+ f% sinnQ) (12) 
C yyeTom er ae B Mexay [OP uv BONHOBOAOM 3sanvwem orMbaloluyto MM KOMNOHEHT 
HaMarHAYeHHocTn: 
"=G,/(0+ £6), (13) 
rae B= —copV , | 2N) x COSY 9X ~ Xo) ux Pen +12 y (A 
V- o6bem TOP, N - Hopma BonHbIl [6], 7,.- NOCTOAHHAaA pacnpocTpaHeHuA BONHb! Hio , See - aMNnutyzbi 


KOMNOHEHT MM MarHuTHOro Honan. 
KoscbcbuyveHt ee Npoweqwer BONHbI NPUGNWKEHHO BbIPaKaeTCA KaK 


205C-. = al SG om +Gyh ym) (14) 


Cnextp Gxy ees CheKTp KOScbqPULIMeEHTa MOAYNALUMM Qu, Takum O6pa3om, cnekTp oruGaloluen 
npowenwero MM cvrHana, NpomogynupoBaHHoro c nomoulblO TOP. DMopma s3aBucumocTe rapMOHHMK 
KOS@PCULINEHTa MOAYNALMM CoBNagaeT C CPOPMOU COOTBETCTBYIOLUUX TaPMOHUK MOAYNeW KOMNMOHEHT TeH30pa 
MarHuTHOK BocnpuumuuBocTu TOP uc copmMamu aHanorMyHbix 3aBucuMOcTeU ANA “usoTponHoro” cdepputa [1]. 
AMMNAUTYfAbl FAPMOHMK YaCTOTbi MOAYNAWMM, COfepxkaliMecA B orvbalowleM mpoweAmwero yYepes TOP c 
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NEPEMEHHOW Pe3OHAHCHOY YAaCTOTON, NPOMOpuUNOHaNbHbI VHTEHCUBHOCTUM BXOAHOTO CurHana MW 3aBUCAT OT parva 
cbu3snueckux NMapameTpos FOP: mona aHu3oTponuu, mapameTpa gAuccunaumMn (WMpYHb! nunun DMP), 
OpVeHTALMW OCK aHM3Z0TpONUM FOP no OTHOWEHNIO K BHELUHEMY MarHVTHOMY Non, a Takke OT BENNUVHb! Nona 
NOAMArHNYMBaHMA, PaccTPOUVKU MexAY HECYLWeH YACTOTOM curHana WU LWEHTPaNbHOM pe3soHAHCHOW YacTOTON 
FOP, napametpos nvunuv nepegauu. SaBucumoctb OT yrna opveHTtaymm TOP npnBoputT kK TOMY, YTO AOCTHUb 
MakciMyMa TOM “NK UHOK rapMOHUKM MOxKHO NyTeM BbIOOpa cooTBeTcTBYyIOlero yrna opveHtayun [OP non 
3aQaHHOM none NoAmMarHvynBaHnr (BOnv3N MMP), a npu onpeseneHHbix yrnax opveHtaunu (oT 30 go 70°) u 
“YfNOBOM” =yMpaBNeHWMY pesoHaHCHOK yacToTow# [OP [7] pocturaetcn MaKCUManbHar amnnutyoa 
mMonyNMpyroluero KoneOaHuA NpY uKcUpOBaHHOK AeBYayMn yrna, YTO NpvBoAMT K yBenvYeHMIO rny6uHbl 
MOAYNAYMYM NpowieAuero curHana. 


Hl. Hemogynsauwa MM curHana c nomMoulbio FOP 


Myctb Ha TOP BosgelictayerT curHan, MarHATHOe None KOTOPOrO UMeeT KOMMOHEHTbI 


h. =h,, (1+Q)cos(@t + ®) 


h, =h,,, (1+Q)sin(at +)’ 


rae Q(t), D(t) -cooTBeTcTBeEHHO, 3aKOHb! AMNNUTYGHON vu chasoBoli MoAynAuuN. 

Haigem OC, Hasoqumylo B ChvpanbHow MuKpoKaTyluKe, oKpyxalolen TOP, 3a cueT vusmeHeHuit 
NPOAONbHOK cocTaBnaAOlWen BeKTOpa HaMarHuyeHHOcTH TOP nog BosyeiicTBvem yKa3aHHOro BbILWe cYrHana. 
Mockonbky CBA3b MexKAY VW3MeHeHWeM MpofONbHOM cocTasnAlMWen BeKropa HaMarHyu4eHHocTh [OP un 
NONEPeYHbIMY KOMMOHEHTAMU UMeeT BU: 


(15) 





ha ny, +m, j 
= —— COS 16 
OM, “OM me 
TO 
dM,  Z | | 
Bs Le = 77 008 Ong (mim, + my, ; (17) 


A 
rae Z - KOSCCULIVEHT NPONOPVOHANbHOCTY, 3aBMCALIMA OT MapPAMeETPOB MUKDOKATYLUKU, 
YUUTIBAA CBA3b MexAY MM KOMNOHEHTaMU BeKTOpa HaMAFHUYEHHOCTM MW MarHMTHOrO Nona Yepe3 
KOMNOHEHTbI TEH30Pa MArHUTHOM BOCNPUMMUUMBOCTH, NonyYaem cnegyloliee BbIPaKeHve ANA OLC: 


2 
B= 97 C82" + DOtn’ Bx + Mam By) (18) 


, (00,,a) +(@,0,) +(@a,, cos 6,,)’ 


= 19 
oe (oa, - a’ (1+a’)) +(@a(a, +@,)) Ss 
as (@,,a)° + (@,@, cos* O,,)" +(@a,, cos, )” 
go = (20) 


(ao, -@’(1+a’))’ +(@a(@, +@,))’ 

BbipaxeHve gna OfC HocnT pe3soHaHcHbId xXapaktep w gocTuraeT makcumyma ripv MP, 
Aocturaemoro 3a CueT BbISopa COOTBETCTBYIOWIMX NONA nosMarHuuvBaHuA Myrna opveHTauMn FOP. OC 
YBENUYUBaeTCA C YMEHbLUCHMEM a, T.e. Cc yBenuyeHvem poOpotHoctu FOP. B cnyyae Hemog”yNvpoBaHHoro 
curHana O{IC paBHa Hynto. Ecnu curdan amMnnutygHO-MopynupoBaHHbil Mo 3aKOHy (ft) = mcosQIt, to 301C 
COAEPKUT 1-10 M 2-10 TADMOHMKM YaCTOTbI MOAYNALUM, T.K. 

' +Q) = —Om sin OF +(m7Q/2)sin2Qr, ~- 

uv oc yBenuneHiem YacToTb!l MogynAuMN OIC NMHeWHO BO3pacTaeT (B paMKax “KBa3vcTaTuY4ecKoro” 
NpvOnwKeHVA Np OTHOCUTeENbHO MaNbIX YacTOTax MOgyNAyNN). C poctom rny6vHbl Monynaunn rapMOHUKi 
OC TawKxe yeenuunBaiotca - 1-A - NVHeWHO, a 2-A - KBagpaTMYHO. 3aBYCMuMOCTH OT cba3bt MM cyrHana, 
Bosjevicteyroluero Ha TOP, He Ha6mogaeTca B CUny KBaApaTHYHOK CBA3 MexKAy NpOsONMbHON nonepeyHbimu 
KOMNOHEHTaMM BekTOpa HaMarHudeHHocTu. TapmMonuKu OfIC HecyT uHcbopmauMio O MOWIHOCTH MM CHrHana Ha 
3anaHHoK =YacToTe. OTM pe3ynbTaTbl coBnagaioT c peluieHvem ‘“”uHamMuyecKon” sanaun ana 
KpucTaninorpaduyecku “K3s0TponHoro” cbeppuvita mpv Manoi yacToTe uv rnyOuve mogynaunn [2]. 


IV. 3aknioyveHne 


~ H 


“KBa3UCTaTUYeCKMh” NOAXOA, VCNONb3yOWM CTaTHYeECKHA TeH3Op MarHUTHON BOcNpuuMuUMBocTH COP, 
NOSBONAET aHaNnu3svpoBaTb NOBeEAeEHKE BeEKTOPa HaMarHuyeHHocTH [OP B6nu3sn MMP kak B CnyYae MoAYNAUMU 
MM ClrHana np “noneBom" vu “yfNnOBOM" ynpaBNeHUU pesoHaHCHOK YacTOTON FOP, Tak wv npu AeMOAYNALU 
@MMIUTYAHO- KW chaso-MoAynupoBaHHoro curHana. Apu sTOM YacToTa VW aMNNUTyAa MOAYNALMM AOrpKHbI GbITb 
OTHOCUTENbHO ManbiMi, YTOOb! MOXKHO ObiNO CHUTATb, YTO BbINOMHAeTCA ycnoBue cTaTMYecKoro paBHoBecua 
BekTopa HamarHnueHHoctu TOP. 
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Npuw mogynauvu MM curHana c nomolubia TOP c nepemMeHHOW pesoHaHCHOK YaCcTOTOU, aMNnnVutyfbl 
TaPMOHMK YaCTOTbI MOAYNALNM, CcOfepxaluvecn B orMOaMUeA Npoweniero Yepe3s NPONOpPLMOHaNbHbl 
VHTEHCUBHOCTM BXOOHOrO CurHana W 3aBUCAT OT pra cbu3snu4eckuxX NapameTpoB TOP: nonaA aHMsoTponny, 
NapamMetpa muccunalwMu (wuputbt NWuHMH DMP), opveHTauMM ocn aHusoTponuM [OP no OTHOWeHMIO K 
BHELUHEMY Ma@rHUTHOMY Monto, a TaloKe OT BeENYYMHbI NONA NOAMArHHYVBaHYA, paccTpovKu memKAy HecyLen 
YACTOTOK CYrHana WU LEHTPanbHOU pe3soHaHCHOK YacToTON FOP, napametpos nuHnu nepeyjaun. 

OC, HaBoguman B aneMeHTe cbemMa fipu pAeMoAyNAUMN Cc NomowbiO TOP, TawKe 3aBUCuT OT 
VKa3aHHbIX cbu3snueckux NapameTpos TOP, nona nogMarHvyvBauuA, NapaMeTpoB sneMeHTa CbeMa (Hanpumep, 
CMpaNnbHOW MUKpOKaTYLUKKM) MW OnpesensetcA augom ormGarowen BosgencTByowero Ha FOP MM curHana, He 
3ABUCA OT Ef Chasbi. 

MogynuposakHblid wm AeMOAYNUpOBaHHbIA Cc NMOMOLUbK TOP curHanb! HecyT uHcopmaunlo o6 
VHTeEHCMBHOCTM Bo3sgelicTBywolllero MM CHTHana Ha 3afaHHOw YacToTe B6nusu DMP. MpegctaBnenHbin 
TeopeTuyeckni aHanu3s MogAynAuMu vw pemMogynalun Ha TOP HeoOxogum ANA paspadoTKH COOTBeETCTBYIOLLIUX 
MOAYNATOPOB WU AGMOAYNATOPOB annapatypb ANA v3amMepeHuA SHEpreTHYeCKHX NapaMeTpoB MM KONeOaHUH, B 
YaCTHOCTN, NpecOpaso0BaTenei, MOCTPOEHHbIX No cxeme “MOgyNATOpP-gemonyNnATOp” c OGpaTHOW CBA3bIO 0 
MPOMEXYTOYHOM YacToTe [8]. 
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MODULATION AND DEMODULATION OF MILLIMETRE WAVE SIGNALS 
USING HEXAGONAL FERRITE RESONATORS 


Koledintseva M. Yu. 
Moscow Power Engineering Institute (Technical University) MPEI 
14 Krasnokazarmennaya St., Moscow-111250, Russia 
fax 095-362-89-38 


For frequency-selective mm wave measuring devices design power transducers on the base of monocrystal hexagonal ferrite 
resonators (HFR) which use processes of modulation and demodulation of mm wave signals , are rather prospective. Theoretical 
analysis of such modulator and demodulator and some experimental results are presented. The modulator is based on the HFR 
with controlled resonance frequency which is being varied either by means of the magnetizing field variation or by variation of 
crystallographic anisotropy axis position with modulation of frequency. The demodulator is based on HFR with element for output of 
the converted signal (microcoil or Hall-element). This paper presents the solution of the problem on influence of mm wave signal 
with amplitude- and phase-modulated law on HFR having constant field of magnetization and the angle of orientation. The task of 
inducing of electromotive force containing information on the spectrum of the mm wave signal envelope is-presented. 
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OOTOMPOBOAUMOCTb APCEHMD- 
TANNUEBOTO NMEPEKNMOYATENA, 
YAPABNAEMOTO NASEPHbIM AMNYNbCOM 


H.W. beneuKun 
XapbKoeckuul eocyOapemeeHHbili yHueepcumem 
310077, YkpauHa, XapbKoe, m1.Ceobodpi, 4 


Anxomauus - Viccnegyetca vmnynbc cbotonpoBogumoctn: cdbopma, BpemMA HapacTaHuA M Chaga HepaBHOBecHol 
KOHHEHTpaljMwN B apceHvg-rannveBomM KOMMYTaTOpe YNpaBnAeMOM MMNysbCOM fMasepa c Wenblo monyyeHuA wMnynbeca 
HeECGXOAUMon ChopMb! HW MOUHOCTH. 


|. Baenenne 


PasBuTMe Na3sepHOU, yCKOpUTeNbHOW MW NOKAaNV3saL|MOHHOW TeXHVKU, TepMoAgepHon aHepreTuKu 
TpeOytoT co3gaHvA ycTpovicTB KomMyTauMM Gonbuimx MmoliHocTel. [asopa3paguble, TBepsOTeNbHbIe 
KOMMYTaTOpb! MpakKTUYECKM NMONHOCTbIO BbITECHEHbI MOLWHbIMA MONYNPOBOAHMKOBbIMY npusopamn: 
TMpUCcTOpamu Me nepekniovaTenAMY ynpaBnAeMbIMA UMNyNbcom na3sepa. Ucnonb30BaHve HOBbIXx 
BbICOKOS@CeKTUBHbIX NONYNPOBOAHMKOBbIX COeAMHeEHH apceHuga rannur, apceHuga wHgUA uM ~Apyrnx, 
oOnafatowwux SOonee sBbicoKuMM sneKTpodusuyueckumMu“ NapaMeTpaMu MO cpaBHeHMIO Cc TpagULIMOHHO 
NPUMEHAEMbIM KPEMHMEeM, a TaloKe HOBbIE NPUHYMNbI PaboTb! W KOHCTPYKTOPCKMe PELLIEHNA NOSBONAWT yxKe B 
HaCTOALee BPeMA 3HAYMTeNbHO YKPeENMTb MO3MLIVA MW BO3SMOXKHOCTH NPYMeHeEHVA NONyNPOBOAHMKOBbIX 
NpuSopos ANA KOMMYTaLLMU CBEPXBbICOKMX MOLUHOCTen B CyYOHaHOCeKYHAHOM AvMana3oHe. 


ll. OCHOBHAaA YWaCcTb 


B AaHHoK paSoTte npusogAtca pe3synbTaTbi uccnefoBaHNA NoBeAeHUA CoTOMpoBoAMMOCTM apceHvaz- 
rannuesbix KOMMYTaTOpoB ynpaBnAeMbIX MMNYNbCOM Na3epa. 

KommyTauva Gonbluux MOLHOCTe NonynpoBoAHuKosbimu npv6opamu nio6oro Tunamu npovsBog_utca 
NYTEM PE3KOrO YBENVYEHUA NPOBOAUMOCTY OONacTU, KOTOPaA B HA“A@NbHOM COCTOAHMM VMeeT OYCHb BbICOKOe 
conpoTuBneHve uw OnoKkupyet mpunoxkeHHoe kK npvGopy BHEWHeEe HanpspKeHive. Tako o6nactbio obbIYHO 
ABNACTCA NONHOCTbIO UCTOLIEHHOE CUNbHbIM MonemM O6nacTb OObemMHoro 3apaga O6paTHOCMeLUeHHOrO p-n- 
nepexoga. Peskoe ysenuuenve npoBogMMoctn sTok o6nacTu ocylecTBnAeTCA nyTem 3anonHeHveM ee XOpOWo 
NPOBOAALUEM SNeEKTPOHHO-AbIPOYHOK NnasmMbl. NpegenbHoe BpemaA KoMMYyTAalIMM NpU xTOM COCTaBNAeT PeECATKN 
HaHocekyHA. B HacTosiljee spemA paspa6oTaHb! Ba HOBbIX NMPWHLWNa KOMMYTALIMM - C NOMOLbIO 
ynpaBnatoliero Na3sepHoro CNOA MU C NOMOLYbIO MOLUHOrO WiMnyNbca NazepHoro usnyyeHuA [1]. Sto npuBeno kK 
CO3AaHUtO HOBbIX KNACCOB MOLUJHbIX NONYNPOBOAHUKOBbIX NpUOopoB c YHMKalIbHbIMU XapakTepvicTMKaMM No 
ObicTpogevictauto WU BenuuvHe KOoMMyTMpyemol MOLUHOCTU. B [2] noKa3aHo, YTO BPEMeHHbIe XapakTepucTMKM 
CPOTONPOBOAMMOCTM = pacnonorxKeHb! B NMVUKOCeKYHAHOM AlManasoHe, ecnv ontuyeckoe Bo3s6byxKgeHiHe 
OCYLUCCTBNACTCA NMUKOCeKYHAHbIMM MMNYNbCamMv. Vmnynbc dotonmposogumoctu apceHvg-rannuesoro 
KOMMYTaTOpa ABNACTCA CNeACTBNeEM BO3GeVCTBMeEM Ha NOBEPXHOCTb MU OObeM NONyNpoBOAHUKa MOLUHOrO 
na3zepHoro wanyyeHuA. [ostomy napameTpb! uMnylbca coTonpoBog_uMocTn (gnvTenbHocTH uMNyNbca, BpeMA 
HapacTaHun VMnynbca Ww ero chafa, MOCTHraeMaA KOHYEHTpPauMA U3ObITOUHbIX HOCUTeNnew 3apAga u TOK 
NEpeKMOYeHUA) B 3HAUMTENbHOM Mepe onpesfennetcA KaK NapaMeTpaMlU WHULWMpyrolero UMNysbca na3sepa 
Tak 4 NapamMetpamy nonynpoBoAHyKka. 

ANUTenbHOCTb NazepHoro umNynbca Gbina paBHa 10 Hc. WHTeHCHBHOCTh nagatowero nla3sepHoro 
Vi3nyYeHMA NpMHuManacb paBHo 10°-10’ Br/cm’. KosdqbuuMeHT MornowieHnA U3NyYeHUA BapbupoBasicA B 
npegenax 50-10° cm’. B 3aBvcumoct oT HEOOXOAUMBbIX ONTOSNEKTPOHHbIX NapaMeTPOB MOXKHO Nog_obpat 
coTonpoBoAAWMK MatTepuvan: ANA GbicTporo BKMIOYeHMA - KOpOTKKe BPEMeHa %KV3HM 3apAgOB; ANA yBenuuenun 
AvHaMMYeCcKorO AMVaNna30Ha - BbICOKaA GoTOMpoBoAMMOCcTb; ANA xXopowen scbdeKTuBHOCTM BKMOYeHMA - 
BbICOKMU KBAHTOBbIN BbIXOg. Bo Bcex cnyyaAx OYeHb BaxKHO NO“OGpaTb MaTepvan nonynpoBoAHuKa u ANMHy 
BONHbI WanyYeHuA, YTOOb! rny6uHa ontTuyecKow aBcop6yvn paBHANaCch CKVH cnolo. YcoTaHOBNeHO, TO 
YHeNbHbIA TOK ANA KpemMHvA cocTaBnaAeT 5 KA/cmM, a ANA apceHvga rannua 0.5 KA/cM. Mpaxruyecnu, 
MUHUMaNbHOe MoMepedHoe ceYeHvie NonynpoBogAHuka cneAyeT BbIGupaTb cornacHo AONycTAMOK BeNMUNHbI 
YACNbHOrO TOKa WM MNOTHOCTH HOcuTenelu. pu pacueTax BakKHbIM ABNAeTCA KOSdcbULNeHT peKOMOuHauM 
y~107-10" em’/c. Apcexig rannua 6panca c yfenbHbIm conpoTuanennem p~10° Om cm. Ha pic. ta, 16, 1B 
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NpeAcTaBNeHb! pesynbTaTbl pacueTOR NapamMeTpoB WMNyNbca MoOTONPOBOAMUMOCTM OT YUHTEHCUBHOCTU 
na3epHoro usnyyenua (1a), KoaddbuuNeHta pexombuHaumn (16) u cdopmb! Na3sepHoro umnynbCa (1B). 

KOHLIEHTPalMA HOCMTenei B aDCeHnse rasinun 3a BPeEMA MMAyNbCa Nasepa BO3paCcTaeT OT 10° cm fo 
40°°10'8 cm, uto noaBonseT nonyyvatb MnoTHocTu ToKa 10°-10° A/cm? 3a Bpemsl 0.1 HC HW MeHee BNNOTb AO 
@AVHULL mc. Taxve Manble BpemMeHa HapacTaHuA uv cnaga HeEPaBHOBECHOM KOHLeHTpauMu B COYeTAHWN CO 
CNOKHON CbOopMol NasepHoro UMNyNbCa NOSBONAeT NONYHUTb UMNyMbCbt CPOTONPOBOAMMOCTH - NPAMOYrOsIbHbIM 
U THeyronbHou. 


lil. 3axnrovenme 


Aina nonyyueHua umnynbca TpeyronbHoW dopmel wnu Gonee octTporo HeOoOxoAqUMO UCNONb30BaTb 
Na3sepHbi4 umnynbc Gnu3Kkukk K TAKOBbIM NPV ChaABHUTEAbHO HVY3KUX 3HAYEHVAX VHTEHCHBHOCTH NasepHoro NHyua, 
KOSqMLIMeHTa NornoujeHuA u KOsdcbuyMeHTa pexomMOnHayuu. Ha cdbopmy umnynbca nepeKkmiouatens B 
3HAYUTENbHOUW CTENeHY BNMAET VM BHELUHAA UWeNb [3]. 


IV. Cnncok nutTepatypbl 


[4] B.M. Tyuxesny, H.B. [pexos “Hopbie npviHunnb! KoMMyTayM GorbuMx MOLUHOCTe NoNynpoBOAHUKOBbIMH Npvoopamn’. 
Rexunrpag. “HayKa”. 1988r. 

[2] Nunnally W.C. High-power microwave generetion using optically activated semicondactor switces. lEEE Trans. Electron. 
Devices. 1990, v.37, N12, p. 2439-2448. | 

{3] Tpexos H.B., Ko3nos B.A., Ceprees B.T. MolwHbIn choTOSneKTpOHHbI NepeKritouaTeNnb MiuKPOCeKYHAHOrO AMana3zoHa. 
Nucbma BOKT®, 1982, 1.8, Ne14, c.853-855, 


PHOTOCONDUCTIVITY OF GaAs SWITCH CONTROLLED BY A LASER IMPULSE 


Beletsky N.1. 
Kharkov State University, Radio-Physical Department, 4 Svoboda Sq., Kharkov-310077, Ukraine 
tel/fax (0572) 471272 


The characteristics of a semiconducting commutator with optical contro! (SCOC) on the base of GaAs are considered. They are the 
following: switch time, the time of pulse increasing and decreasing depending upon the power and form of laser pulse and the 
semiconductor material parameters. The photoconductivity phenomenon is studied taking into account a two-photon absorption, 
increasing and decreasing of a non-equilibrium concentration depending upon recombinations processes, absorption and GaAs 
parameters to optimize the generated impulse. 
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BbICOKOUACTOTHBIE ®13M4ECKKE 
NPOLIECCbI B DMODE TAHHA 
C TYHHENbHbIM KATODOM 


1O.B. Apkywia, 9.f]. Mpoxopos, U.N. CtropoxerKko 
XapbKoeckuli eocyOapcmeenHbiti yHusepcumem, 310077, Ykpauxa, Xapbkoe, M1.Ceobodb!, 4 





AxHomauus - B GaAs-avone faHHa c TyHHenbHbIM p’*-n**-nepexofom Ha KATOAHOM KOHTakTe B NponeTHOM pexKvume 


UuccnefoBaHb! GpicTponpoTekarouime cbuv3nyeckne NMpouecch! Ha OCHOBe ABYyXTeMNepaTypHOU mogenu. Ha yactore 110 Ty 
nonyyeHbl 3aBACUMOcTH schbcbexTuBHOCTH reHepauu (KIIQ) Avofs0B OT NageHuA HANpMKeHHA Ha TYHHENbHOM KaTone v Auoze. 
Han6onblwan schcbexTHBHocTb reHepalwu CoctaBiuina 3.8% Np NoTOKe BbIXOAHOM MOWHOCTHY ManyYeHuA 2525 Br/cm’. 


1 Beenenne 


UccnegoBaHue HOBbIX TUMOB KaTOAHbIX KOHTAKTOB, NOSBONAOLUMX NONMYYUTh TeHEpal|MtO Ha KOPOTKUX 
Avonax [TanHa (<2 MKM) OCTalOTCA MO-MpexHeMy aKTyaMbHbIMH. B KavecTBe TaKOrO TUNa KaTOAHOrO KOHTaKTa 
MOKHO NPEANOKVTh KATOA C TYHHEMbHOW UHKeKUMe HOCUTeNne 3apAya B aKTMBHytO OONacTb Auoga [4], 


Hanpumep ptt-n*t*t-nepexog. TyHHenbHan VRDKeEKUMA HOCMTene 3apaga B AKTHBHYHO OONacTb AUosa AaeT 
BO3MOKHOCTb YBENUYNTb SHEPruid SNEKTPOHOB y KaTOgZa WH MOAYNMpOBaTe NPOBOAMMOCTS aKTHBHOM OOnacTy. 
BnuAHve TYHHENbHOM VWH)KeKUMM Ha paSoTy avogoB Tava npaKTuyeckw He usyyeHo. B paSote [2] Obinu 
NPOBEACHbI PacueTb! CNEKTPANbHOU NMOTHOCTM HV3KOUACTOTHBIX dnyKTyalMA ToKa Avofa TadHa npw yyeTe 
TYHHENMPOBaHNA SNeKTPOHOB Yepe3 KOHTaKT MeTann-nonynposogHuK. [onbitkKa %Ke BbIACHUTb BNUAHKe 
MOYNMpoBaHve MpoBogVMOocTM akTMBHOK oGnacTH Avofa, KOTOpaA MO)KeT BO3HVKHYTb NPM TYHHeENbHOU 
VHKEKLIMM, Ha SHEpreTMYecKue KM YACTOTHbIe XapakTepucTUuKK gvogoB TaHHa npofenana B [3], HO K coKaneHuto 
Cc BONbLUMMY YNPOLIEHMAMM. 


il. OCHOBHAaA YWaCTb 


1. Memoduxa uccnedoeaHnusr. UccnepopaHun mpoBpofsvnuch Ha OCHOBe AByXTeMNepaTypHOU mMogenu 
++ ~ 
[4]. Yuet p’’-n™ -nepexoga B Monenv cBOsMNCA K 3agaHUto rpahu4Hbix yonosui: 


ny (0,t) = N,(0) +n, (t); (1) 
_ To: Na (0) +n¢(t)- T(t) 

arhehy? N, (0) +n, (t) | si 

E(0,t) = einige AOE eee (3) 
qny (0, t)u(Tr (0,t)) 


roe ny(t), Je(t) wu Ty(t) - KOHWeHTpPalMA, NNOTHOCTe ToKa WU CpegHAA Temnepatypa NPOTYHHENUpOBaHHbIx 
@NEKTPOHOB, COOTBETCTBEHHO; Nn; KT, KOHLIGHTPalWA UW TeMNepatypa SNeEKTPOHOB B UeCHTPaNbHOU AONUHe. 





At 
n; (t) = [ Gydt: (4) 
0 
J_(t)=q-Gy- Ax, (5) 
B 
Gt =Ay-Epn-expy-— +f 6) 
Eon 
D, +P, + q(U; + Uy Sinat) 
3k sf 
U, + U, + U}, -Sinot 
E = k t It | (8) 
pn L 
pn 


roe Ax w At - war VHTerpupoBaHuA no KoopAUHaTe Mu BpemeHH; Gy - KOSCPPUUMeHT reHepalywu SneKTpoHoOB [5], 
Epn-cpeahee none, Lon - Ana, Ut un U4t - Panpakegus CMeLLICHMA MW amnnuTyAa Rone oan Ran aKeH an, Ux 
~ KOHTAKTH@A Pa3HOCTb NOTeHWMaANnoB ANA p” *-n""-nepexona; O, uD, - ypoBHY Depmu B n’* up” o6nactax 


3 Marepuaat 6-i Mexaynapoanot Keemcnoit *Aaxponoanonolt Keupepenunn AgerHaeRo'G6. 16-19 cetrra6pn 1996 v., Cesacronoan, Kpvim, Yepanna * 
ZZ Proceedings of 6th International Gremean “Aecrowave (Gonference CrevMf20'G96 . 16-19 September 1996, Sevastopol, Crimea, Ukraine 








COOTBETCTBEHHO; ® - UnknMYNeCcKaR YacToTa CBY-KoneOaHun. T.K. KOHLIGHTpaLMA mpymecel B ptt- yw n*t- 
OONaCTAX BbICOKaA, TO NaAeHKemM HanpAKeHNA Ha STUX OONACTAX MOXHO NpeHeGpeub. Tak Ke CUMTaeM, 4TO 


ANMHa n**-o6nacTi MeHblwe ANUHb! cBOGogHOro npobera snektpoHa. Moatomy ptt- vu n*++-o6nacty B mMogenn 


He yunTbiBatoTca. Ha p*t-n*+-nepexog HanpmKeHve NofaBanocb OTACNbHO OT NoAaBaeMoro HanpAKeHMA Ha 
AMop. OTo Obino cyenanHo c Yerbto Sonee AeTaNnbHoro UccnegOBaHNA Npoueccos B ANOLE. 
Takum o6pa30m, WHKEKLIAA SNEKTPOHOB YUVTbIBaeTCA TOMbKO B [-poNnMHe; rpaHvuHble ycnosua gana 


KaTOAHOW O6NacTu B AByXxTemNepaTtypHoK Mogennu [4] 3agatoTca ypaBHeHuamn (1)-(3); BbIDOKDeHHbIe OGnacTu 
B MOAeNM HE YUUTbIBaHOTCA. 


2. flapamempbi Quoda. B uccnenoBaHny paccmaTpnsanact ++.n++-n-nt:GaAs-cTpyktypa ¢ anunon 
@KTUBHOM OGnactTu 1.0 MKM WM KOHLIeEHTpalven anekrpoHos 2.5 10'° cm”. Heo6xogumble napametpbi GaAs 6pinu 


B3ATbI U3 pa6oT [4, 6]. KoHYeHTpaNA AOHOPOB v akuenTopos, BN** y ptt- o6nactAx coctasunu 6 10°? cm’, 
pu STOM KOHTAKTH@A PasHocTh NOTeHMaNoB - U,=1,44B. 


KoHWeHTpauina JOHOpoB B aHope 9 10'° cm. Bce abiuncneHuA GbIN nposweseHbi Ha YacToTe 110 TTu, 
np Temnepatype Kpuctannuyeckor pewerkn 300K. 

3. Pe3ynbmambil_uccnedoganur. ViccnegoBaHva nokasanu, YTO B Avomax TaHHa c TyHHeNbHON 
UWKEKUMEM S3NeKTPOHOB Yepe3s p-n’’-nepexog, pacnpoctpaHstotca 3apAKeHHbIe cnov. CyulecTByeT 
ONnTUMasIbHoe HanpsKeHue Ha p’ -n*’-nepexoge, np KoTOpom Kl - MakcUManbHbil. (puc.1). CyuectBoBaHue 
ONTUMasIbHOrO Ut MOxXHO OObACHMTb CNeAyro”iMM O6pa3o0m. Mpu HebonbuuMx Uy KOHLEHTpauna vw Temnepatypa 


NPOTYHHEMMPOBaHHbIX SNEKTPOHOB He3HayvTeNnbHaA, HO mone y KaToga nonoxuTenbHoe. Toe. 
NPOTYHHENMPOBaHHbie SNekKTPOHb!I NonagaloT B yYCKOpAIOLeecA Mone, YTO yBenuuuBaeT UX TeMNepaTypy Vu 
3aCENeCHHOCTb X-fonuHbl. Flpw yBenuyenun Uy KOHYeHTpal|MA MM TeMNepaTypa NpOTyHHeENUpoBaHHbix 


SMEKTPOHOB YBENUGYMBaeTCA, HO YMeHbWaeTCA None y KaTOga. NpoTyHHenupoBaHHble SNneKTpOHbI NonagatoT 
yYKe B TOPMO3AUjee None, B pe3yNbTaTe YMeHbLUaeTCA UX TeMmMnepaTypa Ww 3aCeNeHHOCTb X-fONvHbt. 
SaCeNeHHOCTb X-RONWHbI y KaTOga BMUuReT Ha chopmupoBaHve vu PaCNpOCcTpaHeHNe 3aPAMKCHHbIX CNOeB. 
CNMWKOM BbICOKaR 3ACeNeHHOCTb X-AONWHbI yMeHbWwaeT aMNNUTyAY MW ynyuWwaer cbasy ToKOBbIX Kone6baHuh B 
AVOAE, a CNULWKOM MasieHbKan YBENUUMBaeT ANMHY "MEPTBON" 30HbI. CnegoBaTenbHo, onTuManbHoe Us (KNG - 


MaKCUM@nbHbI) OnpemenaAeTcA HaWNYYLUMM COOTHOWeHMeM aMnnutyAbl ToKa B AYone UN ca30Bbix 
COOTHOWEHMN Mexgy KonebaHvsmu TokKa UW HanpAxKeHKA (pic. 2). 

Bnunkve amnnutyabt KoneOaHua HanpskKeHKA Ha Avogze up’ -n"’-nepexoge B OCHOBHOM CBOAMTCA K 
cnenyroujemy. Mpw amnnutyge Hanps>KeHHA MeHbLUe ONTMManNbHOK yMeHblwaeTCA amnnutyAa KoneGaHuii ToKa 
Ww ynyuwarotTcR dasoBble COOTHOWeHYA Mexny KONeOaHvAMM ToKa M HanpsAxKeHuA. Mpn amnnutyge 
HanpAKEHWA OONbWe ONTMMaNbHOW amnnutyga TOKOBbIX KONeOaHui BOspacTaeT, HO yxyqWatoTCA cba3z0Bble 
COOTHOLUEHMA. 


ill. S3axkntoveHue 


Takum o6pa30m, UH)KeKLIVA TOPAYUX SNeKTPOHOB Yepes p' -n*"-nepexog B AKTMBHyO OONacTb gnona 
TaHHa NPUBOAUT K NORBNeHUIO y KaTOMAa sccekta 3HaUNTeENbHOM 3aceNneHHOCTN GOKOBOM ZONMHbI Mpv HU3KOK 
HanpAKeHHOCcTM nona. B guvofax pacnpoctpaHsAtoTcA 3apmKeHHbIe cov. BbINo OGHapyxeHO, TO 
SHEPFeTHYECKNE XAPAKTEPUCTUKN AMVOAa 3ABUCAT OT NageHuA HanNpsyKeHUA Ha p’ -n* -nepexoge. CywectTByeT 
OnTHManbHoe Ut npu KoTopom KT mMakecvumanbHbtid. Us npofenaHHoro aHanu3a pesynbTaToB MOXKHO Tak «Ke 


NPEANONOXKUTb, YTO YACTOTHbIe CBOicTBa AVOAA TO xe GyAYT 3aBUCeTb OT NaAeHMA HaNpAYKeHMA Ha ptt-nt+t- 
nepexoge. BnusHve amnnutyob! Kone6aHua HanpAKeHVA MU HanpsKeHUA CMeLIEHMA Ha AKOoge B OCHOBHOM 
CBOAMTCA K TEM Ke Npoeccam, YTO Npovcxo”AT B OObIYHOM Nt-n-n*-quoze. 

MpoBeAeHHble OeHKM SHEpreTMYeCKHX BO3MOXHOCTeM ANOfa C TYHHENbHbIM KaTOgOmM gatoT KN 


Sonbue, 4YeM AvOfsb! Cc ApyrumMy Tunamu KaTOAHbIX KOHTaKTOB Ha YacToTe 110 IT U. ostomy MOKHO chenatp 
BbIBOA O NEPCNeEKTMBHOCTU AMOQOB C TYHHENbHbIM KaTOJIOM. 


IV. Cnucok nutepatypst 


[1] Mpoxopos 3.4..//BectHuk Xapbkoackoro YHuBepcnteta 1978, 7, Ne 163, c. 76-78. a 
{2] Touvapy« H.M., Yaka B.E.//SnextpoHHaa TexHuKa. Cepus 1. Snexrponuka CBU, 1991, Bein. 3, c. 21-24. 


[3] Apkywa t0.B., Mpoxopos 3.f1.//Tpyabt MexBeOMCTBEHHOM Hay4Ho-TeXHu4ecKon KoH*epenun “FpuGoppi, TexHvka v4 
pacnpoctpaHenHne MM, COMM BONH”. XapbKosB. 1992. C.37. 


[4) Apxywa tO0.B. Aporayenko A.A., Mpoxopes 39.1.//PaanotexHuka W anekTpoHnia. 1987, 32, N°9, c. 1947-1954. 
{5} Elta M.E., Haddan G.I//IEEE Trans. Electron. Devices., 1978, ED-25, p. 694. 


[6] Apkyuwia t0.B., Npoxopos 9.f1., Cropoxenxo M.11.//PaguotexHuka uv aneKtponuka. 1996, 44, Ne2, c. 248-252. 


THE PHYSICAL PROCESSES OF HIGH FREQUENCY IN GUNN DIODES WITH TUNNEL CATHODE 


Arkusha Yu.V., Prokhorov E.D., Storozhenko I.P. 
Kharkov State University, 4 Svoboda Sq., Kharkov-310077, Ukraine 
tel. 47-19-88, 43-08-83 


The generation efficiency and the physical processes of high frequency which take place in diodes with tunnel p-n-junction on 
cathode contact in GaAs-diodes have been studied on the base of two-temperature model. The dependence of generation 


efficiency upon the voltages in the tunnel cathode and diode at the frequency of 110 GHz has been investigated. Such diodes have 
the maximum efficiency of 3.8%. 
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KATOSHbIE KOHTAKTbI 
AIA KOPOTKUVX BAOZOB FTAHHA 


KO. B. Apxywa 
Xapbkoeckull zocydapcmseHnblli yuueepcumem, 310077, Xapbkoe, mm. Ceo6odbi, 4 





Axxomauusa - Tipupogutca o630p no nccnegopaHuio BnMAHNA PaSNWYHbIX TUNOB KATO{HbIX KOHTaKTOB (n’-n, n’-n’-n, 
3anopHbiA m-n"-n, m-n, aHTMZanopHblii Mm-n, M-N-N, 3aMOpHbId A AHTH3aNOpHbI reTeponlepexoA Ha KATOAHOM KOHTakTe) Ha 
SHEPreTUYeCKWe UW YACTOTHbIe XapakTepucTuKh GaAs-qvonos TaHHa. OrlpegeneHo BNMAHVe THNOB KaTOAHbIX KOHTAKTOB Ha 
BeNMKHy OONacTw HavanbHoro pazorpeBa SNeKTpOHOB y KaTOga MU enecooSpaskocTb VCNONb30BaHVA TeX VN VHbIX TMNOB 
KATOAHbIX KOHTAKTOB B KOHKPETHOM AMana30He Np paSote Ha OCHOBHOU YacTOTe WM YaCTOTAaX BTOPOM MH TpeTbel rapMOHUK. 


I. BBenenne 


OAHOK M3 BO3MOXKHOCTbIO OCBOeHYA MM VM CYOMM ANH BONH ABNAeTCA nCNONb3oBaHue AVOfOB C 
MexOONMHHbIM NEPEHOCOM SIeKTPOHOB (MITO). Npumensembie B KaYecTBe KaTo“a K QMogam TaHHa omuueckue 
(Hanpumep, n° - n) KOHTakTb! OBnagaoT CYLIECTBEHHbIM HEAOCTATKOM, HE MO3BONAKOLUMM MCrONb30BaTb UX B 
AOCTATOMHO KOpPOTKUX AMOAAaX. Hu3koe Mone y KaTORa AeNaeT AOBONbHO MPOTAKeHHOM oO6nacTb 
NONYNPOBOAHHKa, B KOTOPOM aNekTpOHb! HaOupaioT HeoOxogumylo ANA MexKGONMHHOrO Nepexoga dHeEpruic, v1 
yee Mpw ANWHAaXx Avoffa 2-3 MKM 9Ta OONaCTh HayanbHOrO pasOrpeBa CYLIECTBEHHO YMeHbLUAaAeT 
SCPCPEKTHBHOCTb ANOAa VU AeNaeT paGoTy AvonOB NpakTuYyeckn HEBO3MOKHOM npu ANnMHax 1-1,5 MKM. 

Lienb AaHHoro o630pa - NoKa3aTb BNUAHMe pasnuUHbIX TUMOB KATOAHBIX KOHTAKTOB Y Avog0B [aHHa Ha 
ocHoBe GaAs Ha Benuunhy oSnactu HavalbHOro pa3zorpeBa SNeKTPOHOB (OHPOQ) wu Ha ux sHepreTHuecKne 
XapakTePUucTuKu. 


li. OcHOBHaR YaCcTb 


EQUHbIM MeTOAOM Ha OCHOBe ABYXTeMNepaTypHON Mogzenn [1] uecnegoBanucb n*-n KaTOAHbI KOHTAKT 
C OAHOPOAHbIM MW HEOAHOPOAHbIM Npodbunem NerupoBaHvA aKTMBHOM OGnacTu, N”-n-n KaTOsHbI KOHTAKT, 
MeTaNNnUyeckui KATOAHbIA KOHTAKT, reTeponepexog Ha KATOZHOM KOHTaKTe. KpaTkKo OCTaHOBUMCA Ha OCHOBHbIX 
pesynbTatax UcCnegoBaHur ANA KaxAOro U3 KOHTAKTOB ANA ANOGOB C ANUHOU aKTMBHOK O6nacTu 2,5 MKM., 

1. n-n Kamodnbit, KoHMaKM ¢ OGHOpOOHbIM U HeEOOHOpOOHbIM Npodbuniem NnezupoeaHus [2]. 
KoHueHTpaliua y KaToga 10° cm™, B n’-oGnactu - 8*10'° cm’. OTHoWeHWe KOHWeHTpauMM y aHofa na K 
KOHUEHTpaln y KaTofa nk XapakTepn3yeTcA OTHOLUEHMeM K=na/nk, KOTOpCe M“3MeHANOCb oT 0,5 go 3,0. Mpn 
K=1 QU0Q OAHOPOAHO NerupoBaH MW B HEM PaCNpOCcTpaHAIOTCA 3apAKeHHbIe cnov. MakcvmManbHoe 3Ha4eHie 
KI] nonyyeHo Ha nponeTHo yactoTe f~45 [ly u coctasnset ~ 3,4%. Mpu K<1 sdbcbekTnBHocTb reHepaunn 
ObicTpo yMeHblwaeTcA wv npw K=0,5 oHa cocTaBnAeT flonu npoueHTa. Oto oOycnoBneHo tem, 4¥TO OHPS 
YBENUNNBaeTCA NO CpaBHEHUto C AMOAaMH C OAHOPOAHbIM NerMpoBaHveM akTHBHOK OOnacTu. Npu K>4 B Avoze 
PaChPOCTPaHAIOTCH AMNONbHbIE AOMeHbI U SpdekTMBHOCTS reHepalwu Bo3pacTaeT. MakcumanbHbin KINO 
~8,2% cootBeTcTByeT mpu 300K sHaYeHHIo K=1,5. Yaennuenve KN npu 1,0<K<1,5 o6ycnopneHo 
YNYYWarOLUMMCA YCNOBMAMM Ann OOpa3zoBaHuA fOMeHa, YMeHbWeHHVeM OHPS y katoga (puc.1). 

n-n-n Kamooupili KoHmakm [3]. BeefeHvie BbICOKOOMHOM o6nacTu y KaToga (n’) no3BonAeT 
NORYAUTh BbICOKOe sneKTpuyeckoe None Ha KATOAHOM KOHTaKTe. B pesyfbTaTe STOO SNeKTPOHb! ycneBaloT 
HaOpatb SHEpruio, AOCTaTOYHYIO ANA Nepexoffa B BeEPXHVe AONUHbI 30HbI NPOBOAMMOCTH Ha paccTORHuy, 
SHANUTENBHO MCHbUIeM, YM B OAHOPOAHO NerupoBaHHoM oOpasye (pic.1). MakcumManbHoe 3sHayeHve KITZ 
Aocturaetca Ha YacToTe, Onv3KOK K NponeTHOK(~45 Flu) uv coctasnreT ~8.3%. BBeneHue BbICOKOOMHOL 
HEOAHOpOmHoctu y KaToga (N) No3sBONAeT UCNONb30BaTb ANOAbI C MeHbLeM ANVHOK aKTUBHON O6nacTu U TeM 
CaMbiIM NonyyaTb reHepaunio Ha Gonee BbICOKMX YacTOTAaX. OQHaKO C YMEHbLUIEHHeM AMMHb! AKTUBHOM o6nactTi 
Avofa acdexkTuBHOCcTb TeHepaliMM yMeHbUUIAeTCA. STO cBA3aHO Cc VHEPLIMOHHOCTbIO =Me@KAONUHHOrO 
NEPpepacnpeAeneHun SNeEKTPCHOB C YBeENUYeHNeM YacTOoTb!l. UcnonbsoBaHue n-oGnactu y KaTogfa NosBonnno 
NONYYUTb FEHEPal|VlO B KOPOTKOBONHOBOK YacTH MM AMvana3onHa (f~250 Fy, la=0,4 mKM). 

3. Memannuyeckud Kamodupiti KoHmakm [4,5,6]. B 3aBucumMocT OT COOTHOLeEHUA paSoT BbIxofa Ha 
KaToge Avona OyfeT O6pa3soBaH 3anopHbii mMeTannuyeckui KaTOAHbI KOHTAKT (Qu>Qain) Wo AHTUZAaNOpHbI 
(Pu<Prin). 

a). SanopHbili Memannuyeckuill Kamodnbiti KoHmMaKm (m-n). BadkKHbIM MOMeHTOM B onpejenexHuu 
SHEPFeTUNeCKUX BOSMOXHOCTeM AMOAOB C M-N KOHTAKTOM Ha KaTOge ABNAeTCA ONpeneneHne oNTUMaNnbHOU 
BbICOTb! Oapbepa, NPY KOTOPOK elie BO3MOXKEH pexXvM C NpoMneTOM DOMeEHOR cuNbHOrO nona. fink Avogna c 
la=2,5 MKM ONTUM@nbHaA BbicoTa Gapbepa cocTasnaeT 0,03 3B, a KNQ npu ontumManbHblx HanpsKeHuAX 
cocrasnsreT ~8% Ha YacToTe 33 [Tu. C noHwKeHveM BbICOTbI Gapbepa OT ONTMMaNbHOH YMCHblUae TCA 
Benuuuha MONA B NpWKAaTOAHOKM o6nactu, cnefoBatTenbHo, BOspactaeT ANnvHa OHPO uv 9deKTUBHOCTh 
yMeHblwaeTcn. YeenuueHve Oapbepa NoBbILaeT Mone Ha KaTone, HO OfHOBPEMEHHO pacTeT u obeAHeHue 
NPUKATOAHOU OOnacTu HOCMTeNnAMU sapAga, MB KOHLIE KOHLOB AoA NepeKniouaetca B PEXUM C BbICOKUM 
nonem y KaToga W HU3KiM (HWKE NOporoBoro) B OCTaNbHOU YacTn OBpasua. Takoe nepexmnoyeHnve HactTynaet 
Npw BbICOTe Oapbepa Quax=0,04 9B w achceKTUBHOCTh mpu 9sTOM pe3Kko nagaer. NMostomy npumeHeHne 
3anopHoro M-N KOHTakTa B Avofax ~1 MKM u MeHee HenepcneKTMBHO. Co3qaTb BbICOKOe none y KaToga, 
CYLUECTBEHHO COKpaliaioulee pasmep OHPO y KaToga, MOXKHO C NOMOLJbIO 3aNOpHOrO KOHTakTa Tuna m-n*-nc 
OoNbLOK BLICOTOK NOTeHUMaNbHOrO Gapbepa Ha m-n rpahuye. BbIcoKoe KOHTaKTHOe None Ha M-n” rpaHuule, 
KOTOpOe OrpaHuunBano pa6oTy Avon0B C M-N KOHTaKTOM np ANUHax Kopoye 1 MKM , SnarogapaA Hanuuuw n - 
oOnactw NOHWxKaeTCA M OT efo BENMUUHb! Ha rpaHvue n*-n saBucat cBoiicTBa CNoxKHOrO) m-n*-n KOHT@KTAa. 
YacToTHan SaBUCMMOCTb 9edcbekTMBHOCTM reHepauMn npvBeneHa Ha puc.2. B Hau6onee KOpoTKom u3 
paccmaTpuBaembIx Aviogos C |a=0,7 MKM yAanocb nonyuut KN ~2% Ha YactoTe ~150 [Tu. HeCMOTpA Ha To, 
4TO Ha ANVHAaX 2-3 MKM QMonbI Cc m-n"-n KOHTakTaMN ycTynatoT No scbdbekTMBHOCTM AvOnaM C M-N KOHTakTaMy , 
HO 3aT0, YCTpaHAA BNMAHNe “MePTBOK 30HbI", OOnagaloT npevmywectBamu Ha 6onee KOPOTKUX ANMWHAaX Vv 
NO3BONAWT NONYYUTb reHepalMio B AvOMaX C ANVHOK KopoYe 1 MKM. | 

6). AHmu3anopHbiti memannuyeckuli KamodHbili KoHmaKm (m-n). AHTM3aNOpHbI m-n KOHTAaKT 
@HaNOrmMeH N -N KaTOAHOMY KOHTaKTy MO CBOeMy BNUAHKIO Ha paboty AvogoB vu umMeeT c HMM o6uinn 
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HEMOCTaTOK ~ HY3KOe None y KaToga, NosTomy CNA cyGMUKPOHHbIX DNWH AVOZOB AHTU3ZANOPHbIV M-N KOHTAKT Ha 
KaToge HenpurogeH. INA noBbILUeHUA NOoNA y KaTOMa MexKAY MeTaNNOM YW NONYNPOSOAHMKOM CO3AaloT y3Kylo 
o6Nnactb NOHWKEHHOrO NernpoBaHurA (n-o6nactb). BnuaAHiie aHTu3anopHorOo Mm-N-N KOHTaKTa 3aBUCUT OT 
NapaMeTpos 9ToK n-o6nactTu. PacnpeneneHue nonaA No ANWHE AVvOfja MOXKET COOTBETCTBOBATh ABUKYLUMMCA 
AOMeHaM CVNbHOrO NoNA, NUOO 3apAYKEHHbIM CMOAM B 3ABUCMMOCTH OT ANVHbI N- OONacTh, KOHWEHTpPAaLINK B 
He VU BENUYNHb! PasHOcTU paGBoT BbIxofa. BadkHO, UTO TaKOM KOHTaKT MOET OOeCNeUUTb BbICOKOe None Ha n-n 
rpaHVe VW YCTPAHUTb BMUAHNE “MEPTBOU 30Hb!”. Ha puc.2 NpuBeAeHbI YacTOTHbIe 3aBucuMocTH KI ana TaKnx 
KOHTAKTOB. 

4. Femeponepexod Ha KamoodHom KoHMakme [7,8]. 

Co3sfatb BbICOKOe none y KaTOfa MOKHO TakKe C NOMOLIbIO U3OTMNHOFTO ObpaTHOCMeLIeHHOrO 
reTeponepexona. 

a) 3anopHbili U3OMuUTIHbIU 2@emeporiepexoe Ha KaMOOHOM KOoHMaKkme. PaccmaTpyvBanuch GaAs-quopbl 
c InxGa;,As/GaAs u InP,As;.. rerepokatogamu. B onpegenenvu BO3MOxKHOCTeA BHOAA Cc reTepoKaTOsOM 
BaXHbIM ABNAeCTCA UuCcCNefOBaHHe BNVAHVYA Ha BbIXOMHbIE XapakTepMCcTUKM BvOnaA paspbIBa  3OHbI! 
npoBpogumMocTu B feTepoKaTone ( As,). UccnengoBaHun noka3sanu, YTO ANA pasnVYHbIX PNVH AMogoB u 
Pa3snWYHoro NONYNPOBOAHUKOBOrTO COEAUHEHMA B KaTOMe CYLLECTBYeT ONTUMalbHoe 3HayeHVve Asc, NPU KOTOPOM 
KA MakcumManeH. OntTumanbHoe 3HayeHve Ac, OOycnoaneHo ABYMA NpoTMBOseKcTByIOLUMMM Npouleccamu. B 
Avoge c 1,2=2,5 MKM uC In,Ga;,AS - KaTODOM Mmpv mManom cogepxaHun InAs (mMeHee 20%, Ae,<0,16 9B) 
anekTpuyeckoe none Ha KaToge HeEZOcTaTOUHoOe ANA ochsexTMBHOTO yCKOPeHNA BNeKTPOHOB AO sHEpruK MI19 B 
rerepoctpyktype. HeoOxogumyto ana MIO sHeprulo anekTpoHb! NpopomMKatoT HAGUpaTb B AKTVBHOM OONacTH 
Avofa yoke B HM3KOM None. TeM CaMbIM 3HaYVTeENbHO YBENUYUBaeTCA OHPO UB AKone pacnpocTpaHaAtoTca 
3AaDAMKEHHbIEe CNouv. OnHaKo OHPS cTaHoBuTcA MeHblUe, YeM B Aone Cc N’-n KaTogom. Mostomy Ha6niogaetca 
poct Ki. YBenvyenue As, NpUBOAMT K YBeNUYeHMtO NONA Ha reTepoKatone nu, ecnu Ac,=0,21 9B, To none Ha 
KATODE CTAHOBMTCA JOCTATOYHbIM ANA 3apOKDeEHVA JOMEHOB CMNbHOrO NONA, YTO BeAeT K NOBbIwWeHMIO KITL. 
NpospegeHHbie wvccnenoBannr noKka3sanu, To GaAs-nuog c 1,=2,5 MKM U InxGa;,AS KaTOQOM WMeeT 
MaKCUManbHoe 3HayeHve KI] ~12% (4nA ONTMMaNbHOrO 3Ha4YeHHA X), a Cc {NP,AS;,-KaTOHOM - ~9%. 
NpumeHeHve sanopHoro M30TMNHOTO reTeponepexofa NO3BONAeT VUCTIONb3OBaTb Takve AMvofb! Cc ANMHON 
@KTUBHOK OOnacTw MeHee 1 MKM. YacTOTHbIA nNpegen Takux ANOZCB cocTaBun: c In,Ga1..As-KaToRom ~190 TTu, 
c InP,As+.x.-KaTOgoM - ~180 Thu (puic.3). 

0) anymusanopHbld u3zomuUnHbIU 2emepornepexod Ha KaMOOHOM KOHMaKme. PaccmMaTpuBanlcb GaAs- 
Avonpb c Al,Ga; »AS- -reTepokaToniom . flo cpoenw pa6oTe AMog C aHTUZaNOpHbIM reTepOKaTOAOM aHaNorMneH 
pa6ote quoga c n’-n KaTonom. Tem He MeHee @aHTU3aNOpHBIN TeTEPOKATOA NOSBONAeT HECKOMbKO COKpaTUTb 
OHP®O y KaToga W UCNONb30BaTb AVOAbI C ANWHOM akKTUBHOK OSNacTu MeHee 1 MKM. YacTOTHbIN Npenen GaAs- 
Avogos c Al,Ga1.,As-KaTogom coctaBun ~160 Fry (puc.3). Ucnonb3soBaHve PaCcCMOTPeHHbIX THMOB KATOAHbIX 
KOHT@KTOB K Avogam [ahha NO3BONUNO AOCTUYb KOPOTKOBONHOBONM YaCcTH MM gMana3oHa. Mpo6nemy ocsoeHuar 
cyOMM vana3soHa SNeKTPOMAIHUTHbIX BONH MOMKHO PeuVTb AMM6O NpvMeHAR AVvOoAb! TaHHa Ha OCHOBe 
NePCNneKTUBHbIX NONyNpOBOAHUKOB A3Bs [9], muOo vcnonb3yA ocbcekTMBHyro paboTy ANOAOB Ha YacToTaXx 
BTOPOK VU TpeTbev rapMoOHuKM [10]. HecomHeHHbIN VHTepec NpeAcTaBnAeT BNVAHVe TYNa KaTOMHOrFO KOHTAaKTa 
Ha reHepallvio Ha YacTOoTe BTOPOM WM TpeTbe rapMoHUKU. PaccMaTpvBanvch Avogbl c m-n KAaTOAHbIM 
KOHTAKTOM, AVOfbI C N'-N-n KOHTAKTOM M1 AUOAbI C HEOQHOPCAHbIM Npocbunem NerupoBaHuA akTMBHOK o6nacTu 
Cc ANMHOU AKTUBHOM oGnacTn la=2,5 MKM WU MeHee. Ucnonb3s0BaHve Ha AvOfe HanpAyKeHVA CNOMKHOU CbopMb! 
NPVBOAMT K COKpalueHuio OHPS y KaToga, YTO BNeYeT 3a coOoNW yBenuYeHve scbcbekTMBHOCTM reHepauMn Ha 
OCHOBHOKM YacToTe Ha 30-80%. OddektTuBHan paboTa QnofoB Ha YacTOTAaX BTOPOU Ww TpeTbel rapMOHUKU 
MO3BONACT PaCHIMAPUTb MX YACTOTHbIN WMana3oH paboTb! Kak B KOPOTKOBONHOBY!IO YaCTb MM AMana3sokKa, Tak NB 
O6NacTb CYOMMNNUMeTPOBbIX ANWH BONH (go ~600 [Tu). Fyuwumu no KIlfl reHepaynnu Ha YacToTe BTOPOH 
fAPMOHMKM ABNALOTCA AUOAbI C M-N KOHTAKTOM, a Ha YACTOTe TNeTbel FADMOHMKM - ANOsb! C N’-n’-n KOHTAKTOM. 


ill. SaxnrouweHHe 


Vicnonb3oBaHve n *“--N KOHTAKTOB, N"-N KOHTaKTOB C NVHEAHO MeHAIOLUMMCA Npodunem nernupoBanua, 
3anopHoro M-n uv M-n"-N KOHTaKTOB, 3aNOpHoro UW aHTM3anopHoOro U3z0TMNHOrO reTeponepexoga Ha KaTO{HOM 
KOHTaKTe MO3BONAeT COKpaTHTb OHPS y KaTofa NO cpaBHeHulo C N’-n KOHTaKTOM VM TeM CaMbIM NoNyuNT 
Oonee BbICOKNe 3HAYEHUYA BCdeKTVBHOCTU FeHepayWYW B AMOCTATOYHO LUMPOKOM YaCcTOTHOM AManNa30He. 
OcdcexTuBHaA paboTa Ha FrapMOHMKaX MO3BONAeET paCcWMUPUTb WX HYACTOTHbIA AVAana30H B OONaCTb 
CYOMUNINUMETPOBbIX ANUH BONH. 
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DIFFERENT CATHODE CONTACTS FOR THE SHORT GUNN DIODES 
Arkusha Yu.V. 
Kharkov State University, 4 Svoboda Sq., Kharkov-310077, Ukraine, tel. 43-08-83 


This paper presents the review on the topic of influence of different cathode contacts on the power and frequency characteristics as 
for GaAs Gunn diodes thus for diodes based on complex A3Bs semiconductors (In,Gay.,As, InP4.,As,, In1..Ga,P1.,As,) is presented. 
The Gunn diodes with the active region length of 2.5 um and less were studied. We have studied an influence of some types of 
cathode contacts on the length of the electron initial heating region near cathode and the advantage of using of some of cathode 
contacts types in the certain frequency range when the diode works at the fundamental frequency band or at the frequency band of 
the second and the third harmonics were studied. 
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MODYNAUMS CBY ASNYYERMA 
HUORAMKM HA GaAs:Cr 


O.B. Bouyna , JI.UW. Kanmptxopa, B.B. Measenes, 9.f]. Mpoxopos 
XapbkKoeckuli 2ocyOapcomeennpil yHueepcumem, 310077, Xapekos, nn. Ceo6bodb!, 4 





AHHOTaLMA - PaccmMaTpMBaeTcCA BO3MOXKHOCTh mogynvAuWn CBU-vanyyYeHiiA C MOMOLUbIO AMOAOB H& OCHOBEe 
KOMMeHCMpOBaHHore xpomiom (Cr) apceHuga rannua (GaAs). MpusogATcr KONMYECTBEHHbIe PACHETb! ABMEHEHMA CONPOTHBNEHKA 
AWMONOB KW UX BAX ,a Taloke SKCNEPUMeHTaNbHbie pesynbTatpl. 


1. BBenenne 


Nonyu3zonupyiuwun apceHug Frannva WMpOoKO MpYMeHAeTCA B TBEPMOTENbHOM oneKTpOHNKe ( B 
kayecTBe Mognoxek ANA UHTerpanbHbIX MUKPOCXEM, AKTUBHbIX SNEMEHTOB PasNWNYHOro HA3HAYEHUA B LUUPOKOM 
Avana3soHe YacToT). Kpome storo nonyu3onupytoului apceHug rannvurA oOnanaeT wv CaMOCTOATeENbHbIMU 
OPVIMHANbHbIMM CBOMCTBAMMY, KOTOPbIeE YyKe HaXOMAT, a HekOTOpbie SyAyT HaXOAVTbh NpakTuyecKkoe 
NpUuMeHeHHe. OHO U3 STUX CBOUMCTB - BOSHVKHOBeHMe CTOXacTMYeCcKux KONeOaHMN TOKa B NonyusonupyouleM 
apceHvpe rannua (uv B YaCTHOCTH B apceHuge rannua , NMerupoBaHHoro xpomom), KOTOPbIe CONagatoT WMPOKMM 
YACTOTHbIM CNeEKTPOM OT eAWHL) AO COTeH Merareply WV KOTOPbIe MOryT CNYKUTb OCHOBOW ANA co3qaHvA 
Da3nVYHbIX LUIYMOBbIX reHepaTopo.s [ 1 ]. MpucytcTave nonyu3onupyioljero apceHnga rannuv B TaKUX BMoOAAaXx 
Kak QVOfbl C KATOGHbIM CTaTVYeCKMM AOMeHOM B BYge TOHKOrO 2-5 MKM CNOA C CUNbHbIM SNeKTPUYeCKUM 
nonem MOryT Cnoco6cTBOBaTb YBENUYEHMIO CNeEKTPANbHOW MMOTHOCTU MOUJHOCTH LUyMa Ha OAMH-ABa NoprgKa [ 
2 ]). Npusnexaet Tawke BHUMAHHe CUNbHaA 3ABUCUMOCTb KOHLIEHTPAalWN SNEKTPOHOB B 30HE NMPOBOAMMOCTH 
apceHiAa rannun , NETAPOBAHHOTO XPOMOM, OT Ppa3NnMdHbixX BHELUHUX Bo3sevcTBu- TemMnepatTtypbl, OCBELLLEHNA 
MW BenMUNHbI sNekTpuyeckoro nons [3 J. 

Lien’ HacToAuiei pa6oTb! onpefeneHve BONbT-AMNMepHbIX XapakTEpUCTUK ANOMOB Ha OCHOBE 
apceHuga ransun, MefMpOBaHHOTO XPOMOM, B CUIIbHbIX SMEKTPUYECKUX NONAX, UX 3ABUCUMOCTU OT NapaMeTpoB 
apceHufa rannua ( KOHUEHTPalWA AOHOPOB, KOHLIGHTpauMA XpOMa, M@X@HV3MOB pacceAHuA ) U NOKasaTb 
BO3MOKHOCTb MONYYEHMA MasibIX CONPOTUBNeHvA ANuogCOB Ha OcHOBe GaAs:Cr B CUMIbHbIX SNeKTPUYECKUX 
NONAX, KOTOPbIe MOryT 6ObITb UCNONb3OBaHb! ANA NepeknioyeHna uv MoAyNnAuMUN CBU- u3snyyeHuaA. 


lil. OCHOBH@AA 4aACTb 


B nonyu3sonupyiouiem GaAs:Cr xpom npucyrcTayeT B ABYX COCTOAHUAX HeUTpaNbHOM -cr* y 


OMHOKPATHO 3AaXBATHBLUEM SNEKTPOH - Cr** ¢ aHeprue voHusayNU €; =0.6 3B ,BosMoxHO OOpa3z0BaHuve 
KOMMNeKCa XPOM+ MOHM3MPOBaHHbIM QOHOp €;~0.8 3B, a TaiwoKe Bcerfa NpucyTcTByIoT MenKue AOHOPb! VU 


akuentopbl , rnyO6oKum” foHop EL2 €;=0.68 9B[ 4,5].PaccmatpvBanuch gBe MmMosenu, OfHOpoAHo 


NerMpoBaHHbiIA AOHOPAaMU MW XPOMOM TONyNPOBOAHMK C ABYMA YPOBHAMUW , CBA3AHHbIX C XPOMOM VW 
NONyNpoOBOAHMK COnepKalW TONbKO M3ONMPOBaHHbIN XpoM u BecekT EL2 .B cocToAHuN TepPMOAMHAMUYECKOTO 
paBHoBecua( snekTpuyueckoe none E=0) cTauyWMoHapHoe 3HaYeHve KOHUEHTPaLIUK ONpeneNnANOCch PaBEHCTBOM 
cCKOpOCcTemM TenNnoBOK reHepalun VU 3axBaTa Ha YpOBHM NoBylwek ( xpomM uw EL2). Oco6eHHOcTbIo chopmMupoBaHuA 
BONbT-AMNEPHOU xapaKkTepvcTuKY AvOfOB Ha GaAs:Cr ABNAeTCA TO, YTO W3-3a SHEpreTMYeCKOTO NONOKEHUA 
YPOBHeM NOByUeK B 3aMpelueHHOW 30HE yxKe B AOCTATOYHO cnabbix NONAX (EMVHUL{bI KMNOBONbT) MOXKET 
MPOVCXOAUTb YAapHaA VOHV3alWA SNeEKTPOHOB C NOBYWeK, YTO NPYBOAMT K YBENWYeEHMIO KOHWeHTpalNun 
CBOOOAHbIX SNEKTPOHOB MU CBEPXNUHENHOMY pocTy ToKa. CTalMOHapHoe COCTORHMe NPV STOM XapakTepu3yeTca 
DABeEHCTBOM CKOpocTel TennoBon reHepaliuu, 3axBaTa “ YOaPHOW VOHK3alWK ANA Kaxkgoro v3 ypoBHei, OnxKe- 
DeKOMOVHAaALMA He CYLWECTBEHHa V3-3a Mano NNOTHOCTH HOcUTeNnei. U3 sTUX PaBeHCTB, UCNONb3yA ypaBHeHue 
SNeEKTPOHeNTpanbHocTN, MmonyyYaeTcR TPAHCLIEHREHTHOE YypaBHeHHe ANA NOoNyYeHvVe 3aBMCUMOCTH 
KOHUEHTPalMW OMeKTPOHOB B 30HE NpoBOAWUMOCTH OT sneKTpuyeckoro nonaA n(E).[noTHocTb ToKa 
j=en(E)v(E),rge 3aBucuMoctTb Apencdosok ckopoctu v(E) yuutbipaeT sdcexT MexXQONWHHOrO nepeHoca B GaAs. 
BNVAHve pasnVvyHbIX MeX@HV3MOB pacceAHVYA B NONyNpOBOAHMKe WU NapaMeTPOB NOBYLWEK YYUTbIBaNOCb B 
3SHaYeHUAX DANWHbI cBOGOgHOrTO npoGbera sneKTpoHa B KOSdduWKeHTe yRapHOU voHM3zauun [6] uv ceYeHnu 
3axBatTa . 

fina paccuvTaHHbIxX TakKuM COpa30mM BOMbT-aMNepHbIX XAPaKTEPUCTUK XapaKkTepHO pesKoe ( Ha 
HECKONbKO NOPADKOB ) BO3PaCTAaHWMA TOKa HaYWHaA C HEKOTOPOFO KPUTMYeCKOrO 3HAYEHUA HaNpAXKeHUA Ha 
Avone, KoTOpoe yBenuyuMBaeTCA C YMEHbLUCHVHEM ANUHb! CBOOOgHOrO Mpobera u pocTe BeNUYYHb! CeYeHNA 
gaxBaTa NoByWkn. MakcuManbHoe 3HaveHvA ToKa ANIA pacueTHbIx BAX ( yuacToK HacbiLeHuA ) CoOTBeTCTBYyeT 
cnyyalo, KOrA BCe NOBYLUKM VOHV3MpoOBaHb!, TO eCTb ONpeAeENAeTCA HAYANbHOW KOHLIEHTPaL|MYe AOHOPOB B 
nonynposogHuKe . U3 storo cnepyeT , YTO HanOonbulee VU3MeHEHUe NPOBOAUMOCTU MOXKHO MONyUNTbh Ha 
Avogpax v3 nonyusonupyrowwero GaAs:Cr , ANA KOTOpOrO KOHLEHTPalWA HOHCPOB UW XxpOoMa MaKCUMalbHa. C 
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POCTOM KOHUEHTpalMN XpomMa KOHLIEHTpalMA Aecbexta EL2 ymetibtuaetcn [7] , noaTomy B Takom MaTepvane, 
NO-BUAVMOMY HavOonee BeEPORTHO CYLECTBOBaHUA COCTOAHMM , CBASAHHbIX C U3ZONUPCBaHHbIM XPOMOM MM 
KOMTNEKCOM XPOM + VOHM3UPOBaHHbIA HOHOpP c npeoOnagaHnem xXpoma B OCHOBHOM cOcToAHUM. CoenaHHbie 
ANA STOFO CHYYAaA PaceTb! NOKa3sbIBAaIOT, YTO CONpoTMBNeHNe AvOAa MOET GBbITs YMeHbLUEHO O eAVHUL OM, 
NTO MO3BONAET CAhenatb BbIBOA OO UCNONMb30BaHuN TakvX AYvOnOB B KaYeCcTBe nepecnroyatenen CBY- 
Avana3onHa. 

OKCNeEPMMeHTaNbHO UccnegoBanuch AMopbI Ha OcHOBe GaAs:Cr c nNOwaAblo KOHTakToB ~0.01m"? y 
ANUHOK Nonywsonupyowen o6nact 50-100 mkm. Avopb! vsroTtasnvBanvicb Ha OCHOBe MOHOKpUCTannuyeckoro 
GaAs:Cr c px 10° Om-cM, M3 KOTOpOrO Nocne mexaHnueckow uw xumn4eckon o6pa6oTKn nonyyann KpucTannpt 
HY KHbIX PasMeposB. KOHTaKTbI U3rOTaBNMBAaNUCh BHNABNeHVeM C NOMOLIbIO CnnaBa (AuGe)sa+Ni , HaMbINeHHOTO 


re) 
Ha 30noTbIe MNacTUHbl B aTMOCthepe BOsOpona Npu Temnepatype SOO” Cc. 

Mp Manbix HaNpAXKeHMAX (CEAVHYLIbt BONbT) KOHTAKTb! GNUSKM K OMMYeCKIM - conpoTusneHnve Anogos 
10’-10° Om u APUMEPHO OAMHaKOBbI NPM Pasnn4HbIx NONAPHOCTAX HanpAKeHMA Npu GonblWwUXx HANpDAKeHUAX 
Ha Quone ( cpeaAHee snekTpuyeckoe none ~2-5 KB/cm ) NPOUCXOAUT pe3koe yBenuueHue ToKa, NpoTeKaroLero 
Hepes AMOA, CONPOBOKAaeMoe YMeHbLUIEHKeM efo ConpoTMBNeHusA. Ha pric 1-2 noKasaHbl SKCNepUMeHTaNbHbIe 
M PaCCNMTaHHbie 3aBUCMMOCTH NNOTHOCTM TOKa Yepes AvOg UW COoNpoTMBNeHuA Avoga R oT NounoxKeHHOrO 
HanpaxeHuA. B AvanasoHe W3MepeHM pacueTHbIe VY SKCNEPUMEHTaMbHbie 3aBViCMMOCTV HaXOQATCA B 
KaYeCTBEHHOM cornacun. 

PacxOKAeHUs SKCNEPUMEHTAlIbHbIxX U PACUETHbIX KPYBbIX OOfYCNOBNEHO HECKONbKUMY MPY4nHaMl: 

1. Temnepatypa Avofa npu usmepeHun oTNuyanacb OT pacueTHOn ( T=300 K ), Tak kak B peanbHbix 
YCNOBMAX BCerfa CyWecTByeT pa3z0rpesB Auoga. 

2.B MaTepuane vcnonb3yeMomM AINA SKCNepVMeHTa He U3BECTHO TOUHO COOTHOLWeHUe MexKAY 
KOHLEHTPal|Ne AOHOPOB UW xpoma. 

3. B pacyeTHOoW Mogenn He yuTeHa ponb KOHTaKTOB, KOTOPbIe MOFyT MpviBoAMTb K CABYry NDOOMBHbIX 
HanpsDKeHMH. 

Conpotusnexve nagaeT fo coteH Om. Mexbuive conpoTuBneHna AVOACB YAaBanocb AOCTUYb B 
MMNYNbCHOM pexKUMe ( B UMNYSbCHOM pexkuMe NPM ANUTeNbHOCTM MMNyNbCOB AVTaHUA 1-3 MKC 3HAYUTeNbHO 
yYMeHbWaeTcA HarpeB AvopoB). Euje Gonee HusKne CONpOTMBNeHUA AVOAOB MOKHO Nonyuvtb nov Gonee 
BbICOKMX KOHUCHTPalNAX AJOHOPHbIX NpUMecel U xpoma. 


lll. SaknioveHne 


Takum o6pa3om peskuii poct Toka, Ha6niogaembiil B Avonax Ha GaAs:Cr MOoxKHO O6bACHUTh Ha OCHOBe 
PeKOMOMHALIMOHHOU Mogenu c yYeTom yAapHon VOHM3aNK NpuMecew. MoKa3saHo, YTO conpoTuBNeHKe AvOA0B 
MOET ObITb YMEHbLUIGHO OT 3Ha4eHVi 10° 40 eAMHKU OM, YTO MOXKHO NCNONMb30BaHO ANA nepekntouenna uv 
MOogynAuMN KvanyYeHua B CBU-guana3oHe 
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THE MODULATION OF HF RADIATION BY GaAs:Cr DIODES 


Botsula O.V., Kalmikova L.1., Medvedev V.V., Prokhorov E.D. 
Kharkov State University, 4 Svoboda Sq., Kharkov-310077, Ukraine 
tel. 47-19-88, 43-08-83 


The possibility of modulation of the mm- and cm-region HF radiation by change of GaAs:Cr diodes conductivity is considered. The 
main mechanism of the modulation is impact ionisation of captured electrons on the deep Cr levels. The quantitative calculations of 
the change of diodes conductivity depending on values of compensation and doping are presented. The experimental results of 
modulation of the 8 mm-region HF radiation by GaAs:Cr diodes have also been presented. 
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MOJIENIMPOBAHVE CTOXACTMYECKUX 


KONEBAHMK TOKA B DUOLAX HA GaAs:Cr 


O.B. Bouyna , 3.0. Npoxopos 
YepauHa, XapbKoeckuu zocyHueepcumem 





AnHomauus - Ha ocHoBe pexomM6unauMoHHol magenu c OfHOpOAHbIM NoneM B AMoAe axanusupyiorca yconoBus 
BOSHUKHOBEHHMA WH CYLIIECTBOBAHMA Nepvoguueckux MW CTOXACTMYECKMX KONeOaHMK TOKa B AMOfAax Ha GaAs : Cr c pagnu4Hbimn 
BHYTPEHHUMA UV BHEWHUMU NapaMeTpamy. 


|. BBeneHue 


OAHUM U3 MpeAMeTOB UHTepeca K cToxacTM4eckum KoneGaHvAM ToKa, HaOniogaemMbiM B 
nonyusonupyroujem GaAs:Cr , ABNAeTCA vicnNonb30BaHKe STOrO MaTepvana ANA cosgaHuA adbcbekTuBHbIX 
FeHepaTOpos LuYMa B LUUPOKOM AMana3oHe YacToT. Tak, Hanpumep, npucytcTBue nonyvsonupyrowtero GaAs: Cr 
B Bue TOHKOrO ,2- 5 mk, CNOA B ANOMAaX C KATOAHbIM CTaTMYECKUM AOMEHOM C CUNbHbIM sneKTpuyeckum Monem 
MOXET CNOCOOCTBOBaTb YBENVYeEHMIO CNeKTpaNbHO MNMOTHOCTM MOLUHOCTM Wyma Ha 1-2 nopanKa {1] 
Croxactuyeckive Kkone6aHua ToKa UccnefOBanuCh B OCHOBHOM 8KCNepUMeHTaNbHO [2-4] , A XOTA NpeAnaranucb 
PasnW4Hble KaYeCTBeHHbIe MOgenu Takux KoneGaHul, KONUYECTBeHHbIe OLIEHKY GSbINW COeNnabbi NVWb ANA 
HEKOTOPbIX XapaKTEPpMCTMK KONeOaHuN, 6e3 paccMOTPeHUA BNUAHMA NapamMeTpos ANoAa nv BHeWwHe Wenn. 
Nostomy, Wenblo HacTORAWeH paSoTb! cTano onpefeneHve ycnoBU cyLeCTBOBAaHVA CTOXACTMYeCKMX UV 
nepuoguyeckux KoneOaHuiW ToKa W YaCTOTHOrO cnekTpa cToxacTuyeckux KoneGaHuii B Quona Ha GaAs: Cr 
Pa3snWy4HbiMi NapaMeTpamy Avona VU Yen UCNOsib3yA PEKOMOMHALMOHHYHO MOsernb. 


ll. OcHOBHaA YaCTL 


PaccmMaTpuBancA NONYNPOBOAHVK, OAHOpOAHO NerupoBaHHbld AOHOpamu Ng uv XpoMoM, KOTOpbIii 
CO3HaeT B 3ANPELIEHHONM 30HE NOBYLUKU C SHEPruAMM MOHM3auul 0.6 9B ( v30nNMpoBaHHbIi xpom ) u 0.8-0.84 3B 
(xpomM+HOHNSHpoBaHbIN AOHOp) [5,6 ] c KOHWeHTpauMAMN Nii vu Ni2 cooTBeTCTBeHHO. Avog Ha ocHoBe GaAs: 
Cr c anuHow L uv nonepeudbim ceyeHvem S umMeeT YUCTO OMMYECKVE KOHTAKTb! Yo BKMIOUeH B uenb 
NOCNEAOBaTeNbHO Cc conpoTMBneHvem R WW UCTOUHMKOM HanpsxKeHNA Vo. B cocToAHYn paBHoBecuA 
(anekTpuyeckoe none E=0) ocHoBHan Macca 9@MeKTpOHOB 3aXxBayeHa Ha NOBYLUKY, B 30HE NpoBoAUMocTH 
SNEKTPOHb! 38 CUeT TeNNOBOM reHepaijun C YPOBHeH u CO6CTBeHHbIe, KOHLIEHTPalWA KOTOPbIX Mana [pv 
YBENMYCHMY SNeEKTPUYECKOrO NONA ,NPOVCXOAUT yHapHAaA VOHU3ZaLUA SNeEKTPOHOB C NOBYLUeK, 4YTO NPHBOAMT K 
peskomy pocty Toka. CToxacTuyeckan HeycTovuuBocTt ob6ycnaBnuBaeTcA BsavumMofelicTBvem npoleccoB 
reHepauun ( yAapHasr uv TennoBan WOHMSaLlWA), 2axBaTa Ha NOBYWIKY, AMaNeKTpuYeCcKOM penaKkcaliun nona ( 
MaKCBENNOBCKOe BpeMA BeNUKO 3-38 Mano KOHUEHTpal|“A aneKTpOoHoOB) Ww  oTpPNuAaTeNnbHon 


AUddbepertivanbHou noABMxKHOCTH Lig GaAs npn E>Exp (Exp~3,4KB/cm). Cuctema Ana aHanu3a uMeeT Bug: 


on 2 
ae 2 {a ((E)N jn + g7iNj- (Np; -N,)n} 
i=1 
ON, | 
ae Th(N , - Nj )n -a@,(E)N jn - g7\N; i=1,2 , (1) 
OE V,- EL 
oot es oo env) 


re UHAeKc 1 cooTBeTCTBYyeT NoByLuKe C SHeprivel 0.6 3B, a HHAeKC 2 NOByLKe C sHEprven MoHU3aLMN 0.8 3B, 
n, Nj -COoTBeETCTBEHHO KOHUCHTPAlUA CBOGOAHbIX SNEKTPOHOB UM SNeKTPOHOB Ha NOBYLIKAX. 


a; (E) = k; exp(—e; / eAE), £5 - SHEPrMd MOHN3aLMU, X - anuva caobopHoro npoGera aneKtpoxa, 

@ - 3apag snekTpoHa [7], 27; = 2TNo exp((€; an d) / KT) , No - KOHLIEHTPalNA SNEKTPOHOB B COCTOAHMN 

papHosecua,  - ypoBeHb depmy, ri- KOadcbuLyVeHT 3axBata (r= O iVT ), Oj - ceyeHue 3axBaTa, vr - TennoBaa 
4 

ckopocTb snextpouna V(E) = (HE + v.(E/E,)" / (1+ (E/ Ey)*) Apeiicbosasn ckopocTb anekTpoHoB 

GaAs, vs 10’ em/c, ¢0 & 3 KB/cM. 

NepBoHayanbHo paccmaTpuBanach MOfenb , YYUTbIBalOLaA HANUUNe TONbKO O{HOFO YPOBHA CBA3AHHOrO C 


XPOMOM ( “30NUPOBaHHbI XpoM B y3ne rannva).Oka3sanocb, YTO Np AaHHOM BbIGope Mogenn, B 
NONYNPOBOAHNKe C OAHUM THNOM NOBYLWEK MOryT BO3HUKaTb TONbKO Nepnoguyeckue KoNe6aHuA ToKa. 


ECnu BBeCTU XapakTepHbie BpemeHa reHepauun T g = (a ee — yn + Oni). 


saxnata tp = (t1(Nzj—Nj)~aN}) "tg = (L/(RSeeq) + eng (E°)/ (eq) 


penakcalimn Nona, TO M3 NUHeapU30BaHHOU B TOUKe NOKOA CHcTeMb! ( 1 ) ycnoBive HeycToMUNBOCTM ecTb: 
—] ~] —] 
TR “lg —TtR DO. 
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B gvanazoHe none, npu KoTOpbIX BO3MoxKHa reHepayus (Ex 3+ SKB/cem) To) TRIE vi 


5 7 
sHayeHve YacTotbl (x 10° + 10° Ty ) onpegensetes B OCHOBHOM BDeMeHaMM 3axBaTa “ penaKkcaumy rons. 
Kone6aHunr GSyfyT cyLUeCTBOBaTb, ECNU SaXBaT CrEHEPUPOBAHHbIX HOCUTeneuW BSyfeT mpoucxopUTb GbicTpee, 


YM BbISBAHHOe VMN YMeHbLIEHVe MONA, YTO Nerue AocTuraeTca, ecnn Wg (0 Yactota NUHEUHO 3aBUCMT OT 
BenuunHbl (RS)', YTO CBA3AaHO C 3ABUCUMOCTbIO CKOpOCTM penakcaliMM MONA OT MNOTHOCTM ToKa B AMoge vu 


yBenuunBaetcn C yBeENVYeHVeM cofepxKaHvA xpoma B nonynpoBogHuKe (10'°+5:*"10'°) w ymeHbiueHnem 


OTHOCUTEMbHOM 3anonHeHHocTw nosywek. Mp Hev“3sMeHHOU BenwunHe MNOTHOCTH ToKa B AMOfe YacToTa 
OnpeAeNnAeTCA CDeAHYM NONeM VW HE3aBYCUMO OT ANMHbI AMOsa NP OHOM WM TOM Ke ero 3HaYeHMM OCTaeTCA 
MNOCTOAHHOK. SdbdekTuBHOCTh Npeocbpa3s0BaHUA MOLUHOCTM MOCTORHHOTO TOKa B NMePeMeHHbIA curkHan He 
npepsbiwaeT 1% U pacTeT C YM@HbLUeHYeM Harpy304HOro CONpoTMBNeHUA, OHA ONpeAenneTcA npoueccamyu 
reHepauinn Kv 3axBata, NosTOMy NpM moObIX BHELIHUX NapaMeTpax MAKCUMASIbHa MPV HEM3MeEHHOM 3Ha@4eHUN 
cpeguero riona. 

Npv paccmotTpenuu AByx ypoBHei cuvTanoch , YTO KOHUEHTpal|uA W3CNVpOBaHHOrO xpoma no- 
NpexkHeMy NpeBbILWaeT KOHUEHTpauMto Apyrux npvmeceii. BeEpoATHOCTb VOHM3aLIMU SNeEKTPOHA C STOO YPDOBHA 


BbILie YeM c Gomee rny6oKoro&, a CeYeHMA 3axBaTa B CUNY KYNOHOBCKOTO NPUTMKeHUA Ha ypOBeHb &>5 
HaXOsTcCA B OBPaTHOM cooTHOWeHWY. &>( M ypOBeHb MOUTH NONHOCTbIO 3aNonHeH sneKTpoHamy 


TR9 TRI B Tako cucteme MOryT CyLWeCTBOBaTb Kak NepmMoguyeckue, Tak wu cToxacTuYecKMe KonebaHunA, 


XAPAKTEPU3YIOLUMECA CNNOWHbIM YaCTOTHbIM cneKkTpom . MexaHv3m BO3HUKHOBeHuA Nepvoguyeckux KkonebaHni 
TakKOW Ke Kak B MOAeENW C OfHMM THNOM NoByWeK. CroxacTMuHOocTb o6ycnopneHa nepepacnpefeneHvem 
QNeKTPOHOB MexKAY YPOBHAMM, BCNeACTBMe Yeo V3MEHAKOTCA XapakTepHble sBpemeHa. UncneHHbie 
vccnenoBaHuA MoKa3sanuv, YTO ANA cyWeECTBOBAHUA cTOXxacTuueckux KoNebaHui Heo6xogumo, YTOObI 


KOHUECHTpalMn BNeKTPOHOB Ha ypOBHe €1,M B 30He MpoBogvMocTH B pexumMe kONeGaHvM Obinu 


npu6nusutenbHo pasHbl (n =» N, & 10° = 10! tom ). Heo6xoqumaa BenuuuHa gocturanach npv 


NPEBbILIEHKHM KOHLEHTPalMM AOHOPHOM npumecw Hag KOHUeHTpaliMe Nosywek C £7 B HECKOMbKO pa3 


(Ny * 10!4 +. 10° om). Cnextp kone6aHuiA nonyyeH pasnoxKeHVeM BPEMEHHOM 3aBUCMMOCTH ToKa Ha 
Dypbe-KOMNOHEHTb! . LUMpuHa cNekTpa OW|EHVBaNnacb NO aOCONOTHOMY 3HAYEHUMIO TAPMOHUK (B3ATa BeENuYKHa 
20 LA (Af ) ), W OTHOCUTEMbHOMY 3HAUCHUIO - NONOBUHE MA@KCUM@SIbHOK AMNNUTYAbI TaDMOHUMK (Afo 5) . Kak 
KW ana cnyyaA MOogenu c OfHUM THNOM NoByWeKk, HaOniogaeTcA pocT cpeAHen YaCTOTb! C YMeHbLUeHVeM Ben- 
YVHbI (RSY' , ODHAKO OLLEHKU Afu Af 5 YKE CUNbHO pasnuualoTcn, YTO FrOBOPUT O OonblWwen perynApHOCTYV 
BOSHUKarOLuMX KoneOaHun puc.1. LUvpuHa cneKTpa TaloKe pacTeT c yBenuyeHvem cogepkaHun NOByWeKx. 


lil. SaknioyveHne 


MpoBpegeHhbiId aHanu3 moKka3an, YTO B gvonmax Ha GaAs:Cr MOryT BO3HUKaTb nepvoguueckne 
Kone6aHun penakcaliMoHHoro Tuna c YacToToh ~10°-10' Fu uv accbekTuBHocTbto reHepaunu ~1%. B OoAHOpPOAHO 
NerMvpOBaHHbix OGpa3syax cToxacTuyeckne KONeGAHVA TOKa BO3MOXKHbI NPUW HAaNKYnW NOBYLWeK ABYX THNOB C 
pa3nvyuvbiIMu NapamMetpamu uv 3anonHeHvem. Mpu cofepxaHunw xpoma B OBpasie ~10°°-5.10"° om LUMpMHa 
cnekTpa cToxacTwueckux KoneOaHvi, OLIEHEHHAA NO BbIOPAHHbIM KpUuTepvAM, gocTurana ~10 Mu, uTo 
nNOosBONAeT HaMeATbCA Ha NonyYeHve Oonee BbICOKOYACTOTHbIX FADMOHUK B AMOAAaAX Cc CopepxKaHvem Xpoma 
6onee BbICOKOM, YEM PaCcHeTHbie . 
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THE SIMULATION OF STOCHASTIC OSCILLATIONS IN GaAs:Cr DIODES 


Botsula O.V., Prokhorov E.D. 
Kharkov State University, 4 Svoboda Sq., Kharkov-310077, Ukraine 
tel. 47-19-88, 43-08-83 


The stochastic current oscillation in semi-insulating GaAs is interesting for the elaboration of a noise oscillators within the wide 
frequency range. The arise and exist conditions of periodical and stochastic oscillations on GaAs:Cr diodes with different internal 
(donors and trapp concentration) and external parameters (the length of diode active region, cross section square, load resistance, 
etc.) are investigated on the base of recombination model with homogenious electric field in the diode. The frequency spectra of 
stochastic current oscillations in GaAs diodes have been determined. 
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rFAPMOHUYECKMKA CMECMTENb 
BbICOKOM MPOMEXYTOUHOK YACTOTON 


K.C. CyHayuxos, BJ]. Jomaka, B.B. Tanuyuy, M.K. CyHayykos 
AO “HI “Camypn’, 252148, 2.Kuee, np. 50 nem Oxms6pa, 2B 
Ter: (044) 477-67-39, Daxc: (044) 477-62-08 





AxHomauus - B yoknage mpusogntcn onvcaHve npoyecca MmpoeKkTMpOBaHVA KK peanv3sall“n TAapMOHMYECKHX 
cMecvTenel C BbICOKOM NMpoMexXyTOYHOK YacTOTOKW. NpesctasnerHbt TeopeTMYecKve KW SKCNEPMMeHTaMbHb!Ie UCCNesOBaHA 
rapMoHMueckux cMecuTeneli c cbvKCKPOB@HHbIM TeTepOAVHOM B CYrHanbHom AManagoxHe YacToT 14.4-16.6 [Tuy, 16.6-18.0 Ty. 
Notepu npeoGpasoBaHns coctaBnn He Gonee 9.0 45 npu npomexyTouHo“ YacToTe Ao 4.2 TTY. 


I. BBegenne 


OnHOK v3 Npo6nem oBecneyeHuA YBepeHHCro Npvema B CVCTeMaX CBA3M eECTb NpoOnema nonyyeHnr 
BbICOKOM YACTOTHOM cTabunbHOcTU reTepomvHa mpvemHoro TpakTa. Kak mpaBuno, YacTOoTa reTepogauta 
focturaetca nyTeM MHOrOKpaTHOro YMHOXKEHMA YACTOTbI ONOPHOrO KBaplieBoro reHepaTopa. Ucnomb3oBaHue B 
NPVeMHbIX YCTPOVICTBAaX FAPMOHMYECKUX CMeCUTeENe NO3BONAeT YMEHbLUMTh KPATHOCTb YMHOXKEHUA YaCTOTbI B 
BbIXOAHbIX KacKagaXx reTepomnua. 


li. Teopernyueckve nccnenoBaHnn 


TapmouvyeckvA cmecuTenb c ManbIMM noTepAMMY npeocOpa3soBaHuA, paOoTatoliMi OT BTOPOK 
TADMOHMKMY TeTepOANHa, MOXKHO NONYYUTb, CTPOA ero MO cXxeme aHTMNapannenbHoro BKMOYeHMA Napbl 
CMECUTENbHbIX guogoB [1]. MpoBpognMocTb AVvOACB NpW TakKOM BKNIOYeHWN ABNAeTCA YeTHOM cbyHKUMen. Mpuv 
pasnoOxXeHMU STOW CPyHKLWW B pAg Dypbe Bce HeYeTHbIeE FAPMOHUKM CYMMAPHOU NpoBoAMMOCcTM AKOACB 
CTpemMaATcA K Hynio. MostTomy acbcbeKTuBHoe mpeoObpasoBaHue YaCTOTbl NPOUCXOAMT Ha YETHbIX FAPMOHMKAaX 
reTepomuna, a Ha HEYETHbIX FAPMOHMKaXx - Cc NoTepAmMu Gonee 30 AB. 

[ipomexyTOUHaA YacTOTa paBHa pa3HOCTM MexAyY YABOeEHHOM YacTOTOM reTepoAMHa MW YacTOTON 
curHana. 

Mockonbky YacToTa reTepoANHa B paspabaTbIBaeMbIX CMECUTeENAX ABNAETCA CPUKCMPOBaHHONU, To ANA 
nogayv MOWHOCTM reTepoguHa NoAXoAMT cdbunbtp Geryujen BonHb! [2]. CrpyktypHaw cxema cmMecuTenA K“MeeT 
Bug NpeACTaBNeHHbIN Ha puc.1. 

CnenyroumMM stTanom (nocne Bbibopa CTpPyKTyPHOW CXeMbi) ABNAeTCA pacueT e€ OTAENbHbIX 
COCTABNAIOLUMX LIENei, KOTOpbIe Vcnonb3yloTcA Ana aHanu3a CMeCuTeNnA Ha NUHEMHOM Komnnekce [3]. 

CornacHo TeopeTuyeckux pacueTos cbunbTp Geryujei BONHbI Ha YacTOTax reTepoguHa 9.3 [Ty vu 10.4 
[Tu umMen notepv B HanpaBneHHoe MNneyo COOTBETCTBEHHO 1.1 v4 1.2 4b, B AMVaNa3s0He NPOMEXYTOYHbIX YaCTOT 
notepu 6onee 28 ab, B AMana3oHe No curHany He MeHee 30 AB. B npsamoe nnevuo Ha pe3OHaHCHbIX YacTOTAX ( 
9.3-10.4FTu ) 

MOLIHOCTb reTepoguHa ocna6neHa Ha 20 AB, a B pasBA3aHHoe mneyo Ha 31 Ab. PasBa3ska MexAy MNeYuOoM 
nogaun MOUIHOCTU reTepOsVHa KU pa3sBA3aHHbIM MMeYOM Ha YaCcTOTAaX CUTHAaNbHOMW MU NpomMerkyTOUHON 
COCTABSIRET COOTBETCTBEHHO 35 Ab u 28 AB. 

Cunte3 HY uv MM npopogunca no oTAZeNbHO pa3spa6oTaHHbIM NporpamMMaM. Tpexpe3oHaTOPHbin 
HU c 3agaHHouW YacToTOK cpe3a 5.5 FT vu nynbcalMamn B Nonoce 
nponyckaHua 0.28 a6 oSecneunsaet 3arpaxgenue 3a Nonocow nponycKkaHuA HayWHaA C YaCTOT reTepoANHa 
Gonee 30 aB. UcxogHbimv AaHHbIMM ANA cuHTesa [IND vBnAoTcA 3garpaxgeHve Npu OTCTpOvKe OT Kpaw 
nonocbl nponyckaHug Ha 2 [Ty He MeHee 30 ab. PacueT noka3an, UTO BaHHbIM TpeOoBaHuAM yAOBNeTBOpHeT 
YeTbIDEX3BEHHbIN C(UMbTP HA UCTBEPTbBONHOBbIX Pe3OHaTOpax. 

PacueT anekTpvyeckux MapameTpoB cmecvTenA npoBoguncA c yyeTom 20 KOMOWHALMOHHbIX 
COCTABNAIOLLUIMX Ha HENWHeEHHOM KomnneKce “UAHEC” [4]. 

B Ka4YecTBe HEMVHeMHbIX SNEMEHTOB UChOMb3s0BaNacb Napa CMECHTENbHbIX ANOAOB, BKNHOYEHHbIX 
@aHTMNapannenbHO, B @QVvHOM KOpnyce. Taka napa UMeeT MUHYMasIbHbIA pa3sOpoc sneKTpuyecKux 
nMapameTpos. OTO OYEHb BaxXHO OCOSeHHO B FrapMOHMYMeCKMX cMecuTeNnAX. [lacnopTHbie MaHHble Ha 
npuMeHsAeMB!e AKOAbI NPeACcTaBneHb! B TaOnuye NO. 

MHoroBapuaHTHbIi aHanus cmecnTenei noKa3an, YTO NPY UAeHTUYHbIX ANOAaxX MUHUMaNbHbie NoTepu 


npeo6pa3zopanua Ha KOoMOuHauMu YactoT 2* f; — Ke Ana nepBon nutepbl ( Avana3oH YacTOT No curHany 14.4 


- 16.6 Tu, yactota retepoguna 9.3 [Tu, npomexkytouHaa YactoTa 2.0 - 4.2 TTy ) coctasunn 7.84 - 8.4 05, ans 
BTOpoK nuteppl (quana3oH YacToT 16.6 - 18.0 [Ty, vactota retepoquna 10.4 Phu, npomexyTouHar YactoTa 2.8 


- 42 .Tu) - 7.9 - 8.3 gb. Notepu npeo6pa30BaHuar OT NepBOK FaPMOHUKK reTepoAMHa (fi = ti) MpeBbIlWwaror 


143 nB. Teopetuyeckne pacueTb! NONHOCTbIO NOATBEPAUNU AOCTOBEPHOCTb paHee YKa3aHHbIX NDeANONOKeHUH, 
UTO acbceKTUBHOE NpeocHpasoBaHve YACTOTe! NPOUCXOAUT OT BTOPOU rapMOHUKM reTepogMHa. 
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Brive HEUQeHTHYHOCTU AMOAOB Ha NoTepu npeoSpa3zoBaHva ANA nepBow NuTepbi Ha YacToTe 16.6 
[Tuy Mpw kKpavnux 3HayeHUAX OAHOTO U3 NapaMeTNOB VW HOMVHANbHbIX 3HAY@HUAX OCTANbHbIX napametpoe 
SKBUBANeHTHOU CcxeMbl AvogoB MpegcTaBneHb! B Tabnuye Ne2. Axyanu3 pesynbtaTos BbIYACNeHMh, 
NPeACTaBNeHHbIX B TaOnuuye N22, noKkasbisaeT, YTO HalOonbluee BHMAHMe Ha yeBenvYeHve NoTepb 
npeoOpa3sopanuA Ha 0.54 4B BHOCUT HeENgQeHTUYHOCTb NapaMeTpoB VHAYKTUBHOCTM BEIBOAOB. YeenuyeHve 
noTepb NpecOpasoBanua cmecuTena AO 9100 Ab npoucxogut tora, Korga o6a AMONa UMelOT OFHOBPeEMEHHO 
KpaWHie 3HaYeHVA NapaMeTPOB SKBUBANEHTHOM CXeMb! AVOAOB. 

[lyTemM yCTaHOBKM cornacyrolero TpaHccbopmatopa ANVHOo 1.8 mM u WMPYHON 1.2 MM No Bxopy 
noqaun MOUWHOCTH reTepoquHa UM Wineidba xonocToro xofa ANUHON 0.5 MM HW uMpUHONM 0.35 MM, BKNOUeHHOrO 
nocpeAvhe MexkAy CuribTpom GSeryiwew BONHbI U TOUKOM CoeAMHEHUA yfanoch Nonyuvt’ pacueTHble rioTepvi 


npeoOpasospanHun pu kpavinux SHAYeHMAX NapAaMeTPOB SKBUBANeHTHOM CXeMbI AVOA0B He Gonee 8.2 a6 ana 
oOenx nutep. 


lll. Peanusauua vu akcnepumeHtanbHbie uccnenoBaHun 


OKCNEPUMEHTANbHO NoNyYeHbl cnenyrouMe pesynbTaTbl. 

Notepu 8 OHY fo yactoTpi 41042 [Ty He Gonee 0.65 Ab, a 3arpaxkgeHue B Nonoce yactToT curHana u 
Ha PUKCUPOBaHHbIX YaCcTOTAaX reTepogAuHa He MeHee 32 AB. MunvmanbHpie noTepuv B AvanasoHax No curHany 
He Oonee 1.9 45. V3mepeHHbie notepu npeobpa3soBaHua cmMecuTenel He NpeBblwanv 9.0 vB. 


lV. SaxniwyeHne 


Ha 6a3e npoBegeHHbIX pacueTosB yAanocb CO3qaTb OpUrMHaNnbHble Tononoruu cmMecuTenen, umMerouwne 
Manble MoTepy npecOpa3s0BaHna C BbICOKOM NDOMeExKYTOUHOU YacToTON Ao 4.2 [Tu. 
_ Teopetuyeckve uv skcnepuMeHTanbHble viccnegoBaHuA no”TBepaAUnn AOCTOBEPHOCTb noAxoga npu 
npoekTupoBanun rapmMoHuyeckux cmecuTenel. 
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HARMONIC MIXER WITH HIGH INTERMEDIATE FREQUENCY 


Sunduchkov K., Lomaka V., Galitzin V., Sunduchkov M. 
joint-stock company “Saturn”, 2’b” 50-let Oktiabria Ave., Kiev-148, Ukraine 
tel. (044) 477-67-39, fax (044) 477-62-08 


One of the main problems of reliable reception in the communication systems is geting of frequency LO stability of the receiving 
system. The high frequency LO stability is reached by multiplication of the reference crystal oscillator frequency, as a rule. The 
using of harmonic mixers in the receiving systems permits to reduce the LO frequency multiplication ratio. Moreover, it reduces the 
size, weight and power consumption of the receiving system. The high intermediate frequency harmonic mixer development is 
described in this paper. The experimental characteristics of the high intermediate frequency harmonic mixer in 14.4-16.6 GHz and 


16.6-18.0 GHz frequency ranges is given. The conversion loss of such mixers is no more than 9.0 dB with up to 4.2 GHz 
intermediate frequency. 
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Puc.1. CrpykrypHas cxema cMecuTels. 

{ - Mapa anTrumapasienbHO BKIOYEHHDIX CMCCHTeEBHbIX AMOJOB; 
2 - purbrp Serymlet BOAHDI; 

3 - Harpy3ka 50 Ow; 


4 - IUI{@; 
5 - MDHY; 
Ihe J 7 ~ COOTBETCTBEHHO TacTorpl: reTreposMHa, CMrHasa, MpoMexXyTOUHOU 
YaCTOTDI. 
Ta6smua 1. 
No Hanmenoranne OGo3sHayeHue concen 
n/1 Mapametpa eps pa aMeTpa 


Tok HacbiileHua wuora, A 


1 | 
Heuneanbuocts BAX, 1/B a 
O6bemMHOoe COUpOTUBeHNe T/T clio”, OM 
VWirayKrapiocts BbI BOOB, ee eee 





10 21s 
12+15 


0.12+015 


EmkocTb Koprryca, 1@ 


Henmmnenuasa emMKoctp, 1@D 





Taosmmtia 2. 


Tlorepu npeo6pasopanua Ha KoMOMHaUHAX, 1D 
oe a a 
yd ee (ie ae Teh a te Te 


8.37 





8.18 
8.2 47.28 
8.3 
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MOZENb MOHTE KAPNO AFA ViCCnEDOBAHUA 
LUYMOBBIX KZ YCUNMTENbHbIX XAPAKTE- 
PUCTUK MONEBbIX CBY-TPAH3SACTOPOB 


C.A. 3yes, A. A. Wagpur 
CIy, Cumq@eponorib, YkpauHa 





AxHomauus - B poxnage paccmotpeHa MOAenb ANA packeta NONEBLIX TPAH3MCTOPOB u ONMCaHb! €@ BO3MOXHOCTU B 
vccnegoBahwu xXapakTepvicTHK npviGopa. B KayecTBe unmioctpalM4 paGoTb! mMogenu npuBep“eHb! HeEKOTOpbIe pesyNbTaTbl 
MOgenupoBaHun, NDOBEAEHHOO C €€ NOMOLILIO. 


l. BBegenue 


Nonesbie CBY Tpad3victoppl nonyuvnu WwHpokoe MpvMeHeHVe BO BXOAHbIX LeNAX MpvemMHo— 
nepenarouux ycTpovicTs. B cBA3v C 3TMM BO3HUKNa NpoOnema uccnegoBaHuA Ux XxapakTepucTuK. Ha Kadespe 
paguodusuku CIlY paspaSoTaHa mogenb pacyeTa nonesbix TpaH3ucTopoB metogom MoutTe Kapno, 
oOnagatoujaA OfpOMHbIMA BOSMOXKHOCTAMA WU MO3BONAIOWAaA VccnenoBaTb B TOM uucne U LWYMOBbIe 
XapakTepuctuKi mpvSopa. Mogenb MoxeT ObiTb uCnoMb30BaHa ANA yTOUHEHNA NapameTpoB wu mogeneh 
NakeTOB CXEMOTeXHMYeCKOrO MODeENUpOBaHuA. 


ll. OcoBbeHHOCTKH Mogenn 


B OcHOBe pa3pa6oTaHHoM MmMogenu peanu3z0BaH MHoro“acTMYHbI MeTog MouTte Kapno [1], 
UCNOMb3yOLUM MOHATUG O PaCCeAHMAX YACTUL, ABNAIOLUMXCA CUSMYECKMM VCTOUHVKOM LUYMOB B NpuGope. 
Mogo6upi4 nogxog nossonaAet pa6oTaTb B pamKaXx rvgpoquHamuyeckoro (FA), KBasuruvgpoauvamuueckoro 
(KPA) wv fake KuHeTHYeCKoro NpvEnuwxKeHui. T.e., npakTMyeckw, MOfeNb NpepcTasnAeT cobo pewenve 
ypaBHeHiA BonbiMata OnA OAHONaCTMUHEIX chyHKUM pacnpeyeneHuA, KOTOPCe B YACTHbIX CNyYaAX CBOANTCA 
K pelueHuto cuctem ypaBHeHun I 7] wv KT npuOnuxkenuii. B coctaB Mofenu BxoguT npoyeAypa, OCHOBaHHaA Ha 
OAHOUACTUYHOM MeToge MoHTte Kapno ana uccnegopaHma o6uWx NapametTpos NonympoBogHuKoBoN cpenbl. 

Mogenb paccmaTpuBaeT MHOFOAONMHHylO 3OHHYIO CTpyKTypy MaTepvana TpaH3svicTopa C pa3mv4HbiMu 
3aKOHaMi AUCNepcun HOCKTeNne B AONVHAaX, UM BKMONaeT B CeOA BCE OCHOBHbIe MEXAHU3MbI PACCEAHUA, B TOM 
uucne “ MexAonuHHoe. {Ina uccnegsoBaTenA NpeACTaBNnAeTCR BO3SMOMKHOCTb 3af4aBaTb PasNnu4Hble pasmepb! uu 
KOHGurypauuio ~npviSopa, ypoBHu uw dopmy NnervpoBaHum MmaTepvana. Bo3moxKeH yyeT o9cbcdbextos 
peKomMOuHalyn Ww reHepaluu HocvTene, VOHV3aLIVM ATOMOB pelweTKM, B TOM YvcNe B MOJeNb BKNIOYeHO 
paccMoTpeHie acspdbekta NaBuHHoro npobos B Npuoope. 

TpaH3vctop paccmaTpupaetca Kak MHOroTemnepatypHan cuctema. Yuvtbipas Npouecchi 
B3aUMOfeNcTBUA HOCKTeNen C PeWWeETKOM, NPeACTABNAeTCA BO3MOXKHOCTb, peluaA HECTaLIMOHApHoe ypaBHeHve 
TeEMIONPOBOAHOCTU, YYECTb ake NOKANbHbIA pasorpeB CTPyKTypbI BNNOTb GO NnaBneHua BeLweCTBa. 

| NpaAmMbIM pesynbTaTomM MOfeNupoBaHuA ABNAeTCA chyHKUMA pacnpegeneHus HOCHTenem B obnacTu 


npu6opa f | V, r P t| . OTOT Napametp aABNAeTcA HavOonee UHOPMAaTHBHbIM, T.K. OH NOSBONAeT BOCCTAHOBMTb 
Bce (pu3nyeckh BaxKHbie XapakTepucTuKN NpuGopa — NNOTHOCTh SMeKTPOHOB MpoBogsNMocTH n| r, t| . 
NNOTHOCTb TOKOB B MpoctTpaHcTBe NpuGopa J| r ; t , TNOTHOCTh KNHeETMYeCKON SHEprun Ki r it] YW MNOTHOCTb 
NOTOKa KMHETMYeECKON SHEpruny Q\ r it} no cnepAyroujym copmynam: 


nFt}=[dev-fvrt], Ft) =[dv-v-AV,7 4, 


K|7,t| = a aaa fV,F,t}, Art =F Jovev-v AVF). 


Bseqa B paccmoTpeHve mogenn NapameTpbl BHELWHeM Llemuv, MOX%KHO NonyunTb Kpome AVHaMUYecKux 
XapakTEPUCTUK CUCTEMbI ele VW LUYMbI, NpYBeAeHHbIe K CurHany. MpoBpegaA Dypbe npeobpasoBanne BpeMeHHbIX 
3ABUCUMOCTEM TOKOB CMELIGHMA MW NPOBOAVMMOCTH Yepe3 KOHTAKTbI MPM CTyNeHYaTOM W3MeHeHMN HanpaKeHuA 
H& OAHOM M3 HUX, MOOKHO Nonyytb HaOop Y-napametpos, KOSsddPuyMeHT yCuNeHWA W MVHUMaNbHbI KO9c- 

dU y? Y,,] (dle) 
cbuyMeHT Wyma TpaHsuctopa cootsercTsenno: Y, =——+; G= —#t__. K y = 1+)—tt] -4+— 22). 

di, Yaa Yoo Yo9 (dl; ) 

OMHouacTH4Han MOfenb NO3BONAeT paccUMTbIBaTh TakWe XapakKTepUCTUKM cpefbl kak CpegHtolo 

NOABWKHOCTb HOCHTeNeA B 3aBVCMMOCTA OT HaNpAXKeHHOCTM 9aneKTpMYecKoro nona, ~peliicdosyio uv 
Aucbdy3voHHylo cocTaBNAloLMe cKOpocTu uw T.n. Kpome Toro, 3afa@Bax ycnoBuA, Npu KOTOpbIX yYHKLYA 
pacnpefenecHurA AOMKHa WMETb 3aBeEAOMO M3BeECTHOe pacnpegeneHwve (HanpumMep, nonymakcBennoscKoe 
pacnpegeneHie Npw AOMMHMpOBaHWYM = SNeKTPOH-ONeKTPOHHbIX B3IaNMOselCTBV), MOXKHO BbIZeNuTb 
COCTABNALOLUYIO LUYMOB, OOYCNOBNeHHylO MaLUWHHbIMM WYMaMM VM WYMOM MeTOga. STO NosBonsAeT BbIZeNNTb 
4UCTbIe LuyMb! MpvOopa. Kpome atToro, MOAeNb NpeAcTaBNAeT BO3MOKHOCTb paccMaTpUBaTb v3nyY"aTenbHbIe 
onTuyeckue scbcbexkTpl. 
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HanHaA Mogenb ABNAeTCA HE CXEMOTEXHUMECKON, a TEXHOSIO“MYECKOM, HO OHA NpeACcTaBnAeT 
BO3MOMHOCTb YTOUHEHYA NapameTpos mogeneA ucnonb3yembiIx B CAMP. Bo-nepBbix, pe3ynbTat 
MODENUPOBAaHWVA MOKHO NPeACTaBUTb B BYUAE «KYeEPHOTO ALLIVKa», YTO LWKPOKO KYCNOMb3yeTCA B HEKOTOPbIX 
nakxeTax ANA CXeMOTeXHUYeCKOrO fpOeKTMPOBaHMA, T.e. B BYAG NVOO MaTPULbI TOKOB KW HaNpAKEHVK B 
mpvu6ope, mvGo HeKMX ANMPOKCHMALUMOHHbIX 3aBuCcMMocTev. Bo-BTOpbIX, ANA KOHKDeTHbIX MOgenelr 
TPAH3UCTOPOB MOXKHO MONYUUTb YTOUHEHHbIe NapaMeTpb!, UCNONb3yeMbIe B HUX. Hanpumep, Mogenb SPICE-2, 


C, W 
LEVEL 3 tpe6yerT cnegyroume napametpnr: B , Urs ,U,, UL, x, Fy 1 77 [5]. 3nece B ar 0 oe 


— yAenbHar KpyTu3Ha TpaH3vctopa (W, L ~ wupuHa wo Anuva KaHana, f)— NOABWxKHOCTb HOcUTeNed, Cy - 
YVOENbHaA EMKOCTb Nos3aTBOpHOrO mMeneKTpuKa), noporopoe HanpaxeHve npemnonaraeTcA paBHbiM: 


_. J {0 s 
U wp = U ee Moy, U, ~ 3ABUCVMOCTb NOABMXKHOCTH HOCVTeNel oT Nons 3aTBOpa, U,.- HaCbILLeHHe 


CKOPOCTHM HOcUTeNnel, F, - BNMAHNe 3apvAga nognoxKy. Nepsie napametTppl (B u U jp .) onpegensatotcs u3 


BAX npu6opa, nonyyaembix B pe3synbTaTe MOAeENUpOBaHNA, @ OCTAMbHbIe — HETMOCPEICTBEHHO U3 CYHKUMM 
pacnpefenenuar HocuTenen B npuoope. 


lil. PesynbtaTbi pacueToB 


B KkayecTBe TecToBoM 3agauv Obin paccmotpeH [ITLU Ha GaAs. Pa3mepbt mMogenupyemon o6nactu 
npepctapneHb! Ha puc.1. PaccmaTpuBanacb ABYXAONUHHAaA mogenb GaAs, c napaSonuveckuMu 3akKOHaMu 
nucnepcun. YpoBsebdb NervpoBaHvA mMaTepvana B OONacTu KaHana npegnonarancA PpaBHbiM 2107 cm”. 
Pe3ynbTaTb! MODENUpOBaHYA CpaBHUBaNnnchb Cc onyOnuKOBaHHbIMY B NUTepatype pe3yNnbTaTaMu, NONYYeHHbIMU 
C MOMOLUbIO aHanorvyuHbix mMofenei [2,4]. HayanbHoe pacnpeseneHvue HocKTenev B akTWBHOM oBnactTu 
npvGopa 3anaBanoch PaBHOMepHbIM C MonymakcBennoscKkum pacnpeAeneHuem Mo ckKOpoctaM, Co BpemMeHemM 
npotekaHunA npovecca, OTPHLaTenbHbIN NOTeHLIMAaN B NOLZIaTBOPHON OGNacTy (puc.1) OPKMuMaeT HOCUTESIM OT 
3aTBOpa, POPMUPYA OOM NOTOK, HarpaBNeHHbIi K CTOKY. 

HauSonee vHcbopmatTuBHble w3 YHKUMM pacnpegeneHvaA Npv MOsenupoBaHuw MHOrowacTMYHbIM 
MeTOZIOM NpeAcTaBNneHb! Ha puc.2. CmewieHne MaKCUMYMa CYHKUMM pacnpeAeneHuA BpaBO TOBOPUT O pocTe 
Kak O6WWeK Temnepatypbi rasa HOCUTenew co BpeMeHeEM MpoTeKaHuA Npouecca (puc. 2a, 6), Tak Uv NOKaNbHOU 
TemMnepatypb! HOCUTeNne BAONb Npuoopa (puc. 28, fT). GTO %®e NosATBepxXgAaeTCA rpacMKOM 3aBUCMMOCTU 
cpefHen cKOpocTU HOCUTeENeu B MpuGbope OT NpOAONbHOrO paccTOAHuA (puc.4). 

Kak BYQHO M3 YKa3aHHbix 3aBUCMMOCTeH, LUYMbI KaHana HE CNMLUKOM BeEMUKY MO CpaBHeEHMO C LIYMaMH, 
BO3HUKAIOLUIMMU B OKONOCTOKOBOKM OOnacTn, TAe UW NPOUCcXOAUT MEXKAONMHHIY Nepexog. 

UlyMbl NpUGgopa MOXKHO XaPaKTEPV30BaTb C NOMOLbHO LUYMOBOM Temnepatypbl, KoTOpaA NpeAcTaBNAeT 
co6ou Aucnepculo CKOpocTM HOCMTeNnel B COOTBeTCTBYyIOLWen OONacTu. O6ulan WiyMoBaAr Temnepatypa NpuOopa 


hie 


BKmOUaeT B Ce6A LUYMbI HocuTene’ BT u L gonuHax (puc.3): — = ee , 
Nn 
0 


Ty My 


B paSouek o6nactu CyWIeECTBEHHYHO PONMb WUpaloT LUYMbI MEXKGONMHHOSO Nepexofa. 


11-9] +e, anect| 1— p| = 
0 


IV. 3aknhoyveHne 


OnvcaHHan MOsenb WMEeT uCCNegoBaTeMbCKMM XapakTep, OHA AMaeT BO3MOXKHOCTbh UCCNeAOBAaTb 
OrPOMHOe KONUYECTBO NapamMeTpoB MW XapakTepKCTUK NPVOOPOB B OYEHb LUMPOKOM AViaNna3soHe pexXUMOB uv 
NO3BONAeET paccMaTpuBaTb Mpolecch| AaxKe B NpuOopax c cyOMUKPOHHbIMU pa3MepaMu TeXHONOrMyecKkux 
HeEORHOpoAHocTenK. Mosynbhoe NOcTpoeHue MOAENK NO3BONAET NPOBOANTb ee AaNbHewwWee pacwMpeHue V 
MOgucbvkalluto. 

V. Cnucok mutepatypb! 


[1] Pexnavtuc A.C., MuukaBnuye P.B. Metog Moute Kapno B cdbu3uke nonynpoBogHukos.//HoBoe B XV3HH, Hayke, TeEXHUKe. Cep. 
Matemartuka, kuOepHetuka. M.: 3HaHnve, 1988. Ne10. 38c. 

[2} Mogenupospadue nonynpoBosHhKoBblx npH6opos uv TexHONnoruyeckux npoueccos. NocnesHue AocTwxKeHua. C6. ct. nog peg. 
Munnep .//M.:Pagno u car3p, 1989. 264c. 

[3] BaHHos H.A., Pepxuii B.V., Xpenos T.10.//MS, 1987. T.16. Ne3. C.220. aoe 

[4] Xoknu P., Acteyg fl. YucneHHoe MogenupoBpaHve MeTOAOM YacTuu.//M.: Mup, 1987. 638c. 

[5] Makxapos A.W. CpaBHeHve Matematuyeckux mogenel MAMl-Tpay3uctopa Ana nporpamm cxemoTexHuyeckoro 
mogenvpoBaHya.//SnekTpoHHar TeXHMKa. Cep.10, MukpoaneKTpoHHbie yctponictBa., 1990. Boin. 6(84). C.34-39. 


THE MONTE CARLO MODEL FOR INVESTIGATION OF THE NOISE AND AMPLIFYING 
PROPERTIES OF FIELD MICROWAVE TRANSISTORS 


Zuev S.A., Shadrin A.A. 
Simferopol State University, radiophysics Dept., 4 Yaltinskaya St., Simferopol-333036, Ukraine 


In order to calculate the microwave field transistor, the model has been suggested. The simulation is based on the manyparticle 
Monte Carlo method approach taking to account the main dissipation processes and particles transition to the satellite valley. The 
model gives us the possibilities to vary the geometry of the device, levels and forms of inplant, to study domain and avalanch 
regimes of work. The heating of carriers in the near drain domain, noise of intervalley transitions and the common noise of the 
device have been considered. This method gives us a possibility not only to get the main set of the device characteristics, but to 
discover the influence of the different dissipate technique on this characteristics also. With the help of this topological model we can 
correct the other models which are used in different CAD systems. The obtained results are in a good agreement with those 
published in the literature. 
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PacnpeaeaeHne HOCMTeAeH B AKTHBHOM 
o6aacTu npu6opa 
0.6 


ane ’ ao S- a *. ° 
7 . od “yy eet Py 
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Z Pe rae 









0.1 0.24 0.1 
HcTOK 3aTBOD CTOK 
Puc.1 Unger =0, Ujongar.= 0-2, Un =3, pasMeph IPUBeACHEI B MKM. 


MyHKkyun pacnpeaenrenue HocnTeaet B OGaAacTKH npu6opa 





Pue.2 a - HauanbHoe paciipexenenne (t=0), 6 - pacnpezeseHne npu ycTraHOBUBIIeMcaA 

Ipoljecce, B - pactipexzeneHve HOCMTeNen B OONacTH KaHasia, Fr - B CTOKOBOM OOacTH, 
BePpTHKAJIbHaA YepTa - AHO L-yONMHH, U ona. 9-3B, U,,.=2-5B. 

SaBMCMMOCTU WYMOBLIX TeMlepaTyp Ha BEIXOAe SaBMCMMOCTb CpeAHei CKOpocTK 


npu6opa oT Hanpaxenua Ha croxe (U,,,,=—0.3B) HOcMTeAeu B Npudope 
: = OT NMPpOAOABHOLO pacCCTOAHUKA 









0.5 1.01.5 2.0 25 3.0 3.5 40 45 5U_,B , 
Puc.3 a - wyMosas remnepatypa HocuTenett BT-jonune, P¥C-4 a - abconwTHas, 6 - x-npoeKyua, 


5 
6 - 8 L-jonune, B - o6myuiit urym upubopa. 3HAUeHMA MpuBeens B 10” m/c 
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APCEHHJOPAIIAEBBIE TMOJIbr MHWJDIAMETPOBOTO 
JTMATIASOVA JJIW BOJLE 


lO. U.Ueveunun, A.B. Ulabanos, O.C.Opiop 
AIL "Caarom”: 603107, 2. H.Hoezopod, ya. Aapuna, 7. 


AHHOTAITAS 


Pa3padboranupre B HII] “Camor" cmecutrestbHbie, YMHOXKUTCJIBHBIC, Mapa- 
MeTpiMuecKkve OalOuHble JMO! C BbBICOKMMM TIpeesbHBIMM WM KpPMTMYeCcKMMU 
YacTOTaMM YCIielHO TIPMMeHAIOTCH B IIpveMHo-MpeobpaszopatebHo PDA CBY vu 
KBY aMaria30HoRs. 

OcoOeHHOCTH KOHCTpYKLIMM, ONTMMM3aIIMaA TapamMeTpoB SMHWTakCMaIbHBIX 
CTPYKTYp [O3BONMIIM MOBBICHTb padoyyloO YacTOTbl! CMeCMTCIbHEIX AMOZOB TO 
2-3 TTu, ymnoxurempuprx go 600 Tu. P-i-n quonbr analorwsHou KOHCTpyKIMM 
KOMMYTHpyIOT CHrHaIbl B Manma3zoHe uacror yo 120 Tlm c BpemeHem 
Tepexmouenus < 3 uc (603 YCKOPAIOULMX MMITYJIBCOB). 

Tivol He MMewT aHaroros MO KOHCTPYKTHBHOMY MCIOHeEHMIO, padoTaloT B 
nmana3o0He Temiepatyp -60 ++85 °C, yHoOHbI Wis MOHTaxKa, YCTOMYMBEI K Me- 
X€HWIeCCKHM BO3CUCTBUEM. 

CMeCHTCIbHbIC, YMHOXKUTCIBHbIC M MapamMeTpiwyeckwe MOI BBIMYCKaloTCA 
B coorpetcrBnn c TY. 


I, BBEJIEHME 


Hecmotps Ha MHorooo6pa3lie THMOB apceHuyoramimesprx CBY muoyon, Tpe- 
OoBAaHMA pa3spaOOTYUMKOB BbICOKOUACTOTHONM alilapaTypbl B HaCTOAMWIee BPCMA YTOB- 
WeTBOPeHb! TaleKo “He MOMHOCTbIO, OCObeHHO B WMallazoHaxX MVJUIMMeCTpOBBIX UM 
CyYOMVWULIMMeTpOBbIX BOJIH. ApceHMmorauiMeBble Mosk OasoYHOM KOHCTpyKUMM 
Mo3BONNIOT Goee TONHO - TIO CpaBHeHHIO C KPMCTaUIMGeCKMMM - pcaJIM30BaTb 
CBOlicTBa BbICOKOKaveCTBCHHBIX BIMTAaKCchasibHbix cTpyKtyp. B HILT “Camror” enre 
B KoHe 80-x rozoB Obluia paspaboTaHa 6a30Bac, BECbMa yJlatHasd KOHCTpyKIMA H- 
ONOB C G6aOUHbIMM BbIBOAaMM Ha OCHOBe TouuuMiMa. KoHCTpyKUMA ycnenIHo BBI- 
hepxkKala MCIbITaHUA BPeEMeHEM VM MocIyxKWIa OCHOBOM Tipu paspaboTKe psa Npu- 
6opoB, HaleKHbIX, C YHAKAIbHbIMM SIeKTpH4YeCKMMM TlapaMeTpaMu. | 

HanGoslee BEICOKMe TpeOoBaHHMs K XapaKTepMCTHKaM CMECHTCIIbHBIX DMOOB 
NIPeXbABIAIOTCA B MUKPOBONHOBOM CHeKTPOCKOIIMM, rae OOpaboTKa CUrHasIOB Mpo- 
BOAMTCH B WMarra30He uacroT 1+10 TT u. 

B ma3epHou AK texuuke geTeKTMpoBaHve cCHrHayioB HeoOxoyqMMoO Ha 
yacrotTax no 30 TI u Bare. 

B yvactw yMHOXUTeIbHEIX TMONOB 3aauM TO yBeJIMYeHHIO KPMTH4eCcKMXx 
YaCTOT MMOJIOB CTABATCH pa3spaboTUMKaMM KOMMAaKTHBIX PJIC, B KOTOpPHIX TIPHMcHsA- 
eTCA MHOTOKpaTHoe YMHOXeHME YACTOTHI © BLIXOZOM B THalla30Hbl KOPOTKUX MMMII- 
JMMETPOB. | 

orpe6uoctu B BHICOKOWUACTOTHBIX ObicTpomevicTByiolmMx P-i-n muowax c 
IIpeqeIbHO M@JIbIMM 3HAaYeHUAMM eCMKOCTeM BO3POCIIM B TlocieqHee BpeCMA B CBA3H 
c paspaGoTKON M3MepuTeIbHbIX IIpu6opos AMaria3ona cppnue 100 PV. 
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Jlanee NpelcTaBIeHb! pesyIbTaTh! HalIMx pa3pa6oToK B obecriedeHHMe CoBpe- 
MCHHBIX TpcOoBaHHlt K WMosam KBU-nnatia30na. 


li. OCHOBHAS UACTb 
2.1. CMecHTe bene WHONDI. 


B raOmuue 1 mpHBezeHbl OCHOBHBIC TlapaMeTppl WMoz0B Tuma 3A147 B coor- 
BeTcTBuM c TY. 


Taommua I. 


-3A147A-3 ~ 3A147B-3 3A147B-3 










| Tan MMA. | ‘TurL. | MaKe | 


0.006 | 0.008 | 0.010 | 0.008 | 0.012 | 0.020 | 0.020 | 0.030 | 0.050 
Tey | Tr 
en 1800 | 4000 


1200 1800 | 2300 


SPE EPEE 


Oourasat 
CEMKOCTB 


(ip) [f = 







JOBATEJIb 
Hoe Co- 
TIpoTu- 
BUeHMe 
‘(Om) 
















[i 





oop 





NHeJIbHAan 
YaCToOTa 
(iT) 


B taOuuue 2 pwBexeHbl TapaMeTpbl HOBBIX JMONOB C 9%KCTpeMaJIbHbIMu 


i 
3HaYCHMAMM MpesebHOW YacTOTH! f.9 = 
2nR, | CG, | 


C,, - Mapa3uTHad CMKOCTb KOHCTpyKuMM. Tummunpie 3Hayenua min 3A147 - 0.005 
i; WA AMOWOB C yyAWeHHbIMM Tapametpamu - C, = 0.002 md. 


Martepuaam 6-1 Memaynapoauoit Reemcnoi “Aatponoanonot Kenepenyun RperHaRe'G6, 16-19 ceurabps 1996 r., Cesacronoan, Kpvim, Ypauna 
Proceedings of 6th International Gzamean PAécrowave Ganlerence CuivH{ila'96. 16-19 September 1996, Sevastopol, Crimea, Ukraine 3 41 











—Taommua 2. 















| OGo3sHayeHue _ Tlapamerp _ MUH. 
O6ulan  eMKOCTE (mb) | 0.003 
[Vocn = 0; f= 1 MI) 
TiocnezoBaTesbHoe co- 5 
lipoTuBirenme (OM 











ene oe HaripspKeHve 
B) [I., = 10 mKA] 
Ipenenpuas yacTtoTa 


(TV 
MaxkcuMalibHo jonycTu- 
Mas pacceBaeMad MOII- 


| Hoctp (MBr) _ 


Ooulmi BU WuoTOB o60nMx TuIIOB ToKa3aH Ha puic. | a, 6. Hopprmenve ma- 
PAMECTPOB CMECHITEIIbHbIX TMONOB JOCTUTHYTO 3a CUeT CHIDKCHMA Tapa3svTHOM eM- 
KOCTH M IMOCIe€NOBATCIIbHOLO COMPOTMBICHHA B pesyIbTaTe TIPHMeHEHMsA CaMOCOB- 
MelUEHHOrO OMMMeCKOrO KOHTAKTa UW CiewMaIbHOU KOHTAKTHOM CMCTeMBI. 










P 


pace CBU make 





2.2. YMHOKMTCIBHLIC HOJIbI. 


Ilapametppr auonosn no TY. 








C,(0) - monHat eMKOcTb Moxa pM HyleBoM cmMelleHuM Ha | MIu; 
3 AxfxylA-)) . ; 
Svea = —_—*—-—-—, me f, uf, - YacTOTbI 10 pe30HaHCHOM KPUBOM pe30HaTo- 


ser ~ 
pa C ZMOROM, COOTBeTCTBYIOIIMe YPOBHIO MOLIHOcTH B A pa3 MeHbIle, 4eM Ha 
yacTOTe pe3s0HaHca; 
K. = C,(0)/C,(-6) - KooburmeHT MepeKppITust EMKOCTH; 
U cep maxe 7 MAKCMMANIbHO JOMycTHMoe OOpaTHoe HalipspkeHMe Toa; 
Popy vaxc 7 MAKCUMAIbHO JONYCTUMad HelIpepbiIBHasl pacceMBacMax MOULHOCTH. 

C IpvMeHeHvieM MOZOB W3roTOBIeHbl yIBOMTeIM WacTOTbI Cc BbIXOTHOU 
yacrorou 78 Ifa (KIL no 35 %); yrpouremu yactoThr c BBIxofom Ha 37 Iu 
(KIL no 15 %). Ilpopepena paGorocriocoCHocTb AMON0B B CXe€MaX yTpOMTeen Cc 
BEIxon0M Ha 600 [Tu. Bercoxoe 3Hauyenve KIT] gocrurHyto OnaronzapaA ONTMMu3a- 
UMM iapaMeTpoOB SITMTaKCMaIbHbIX CTPpyKTyp, HalIpaBseHHOM Ha ycTpaHeHve Tak 
HasbipaemMoro “sdcbekTa HacbIIeHHsA ToKa'. KoHcTpykKIMa YZMOHOB aHalorMuHa 
CMCCHTCJIAM. : 
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Pa3pa6oraHbI TakxKe M BbIIyCKalorca MapaMeTpwyeckne AMO Tura 3A416, 
XapakTepMCTHKM KOTOPBIX aHaJlOrMYHA YMHOXUTCILHBIM THOWAaM, 38 ACKIOYeHMeM 
MCHbIUCTO MOCHEXOBATEIbHOTO COMPOTUBIICHHA MU HallpsDKeHuA mpobos. 


2.3. Wepexmoaaresbunie P-i-n 7HOTbI 


CieqyeT OTMeETHTb, ITO HECMOTPH Ha px 3apyOexKHEIX M OTeUVeCTBeHHBIX 
TyOIMKauM To pa3paboTKe MW MccleyqoBaHMIO apcenuorasimenpix P-i-n mMoros, 
Hallpumep, [1], MMombl He OCBOEHbI axe B MeJIKOCeEpHMHOM IIpoM3BOuCcTBeE UM He 
NOVY TIpMMeHeHUA B palMOIICKTPOHHBIX M3]eJIMAX. 

OrpaHWueHHocTs oTpeénenua P-i-n quogon Ha GaAs cBa3aHa He TONbKO Cc 
OTCYTCTBMeM MHCopMallM@M O HOBHIX V3eMsIX, HO TakxKe WM co cilewMdpwueckKuMu 
Wx XapakTepMcTuKamMM. Kpemuvesnie P-i-n Moab] c TOHKMMM Oa3amMuM cep 
“CaMilMt" xapakTepu3yioTca emkKocramu of 0.040 mdb wu Bblle, BpemMeHeM Tlepe- 
KIIOUCHMA - 63 yCKOpsIOUIMX MMITyIbcop nmopsmKa 50 uc. ApceHuyorawiMeBpie 
TMOUbl, TPMVHIUIMMMAIbHO MAaJIOMOINHbIe WM BbICOKOUACTOTHBIC, MPOABILAIOT CBO 
IIpeMMyllecTBa Tepe, KpeMHMeBbIMH ToNBKO B KBY ymana30He, KOHKpeTHO B 
IIpHeMO-lipeoOpaso0BaTeIbHbIX YCTpomMcTBax, rae XapakKTepHoe BpeMsA oGpaboTKH 
CUTHaIOB JOJDKHO ObITb MMHMMAaJIbHbIM. 

HyxXHO OTMeTHTb, YTO MexaHi3M TlepeHoca ToKa B GaAs P-i-n muoax cy- 
IN€CTBCHHO OTIMIaeTCA OT M€X€aHH3Ma B KPCMHMEBHIX TMONax, ITO MPMBORMT K He- 
KOTOPOMY YBeJITIeCHHIO TOKa, HCOOXOZMMOMY JIA OTKPbIBAHMA TMO0B (CM. PMc. 


Dye. | 
{lapamMeTppI 7HOT0B, ycnOBHO O603HadveHHbIe Kak 3A599: 
- TOHAA EMKOCTb JMOOB C, - 0.008-0.040 nd; 
- COIPOTUBIIeEHHe B OTKPLITOM COCTOAHUM 
mpu roKe 20 MA* - 0.5+3.0 Om; : 
- COMpOTHBAeHMe Npu HyJIeBOM cMeLIeHun* ~ 6onee 50 KOM; 
- TIIPAMoe Naweuve HalipsyKenusa, B - 0.9+1.3; 
~ Hallps>keHue mpoboa, B - 40-60; 
~ WHIYKTUBHOCTS BBOIA ~ - MeHee 0.1 HIB. 


. VM3mMepenun COMpOTMBIICHMM B OTKPbITOM COCTOSIHHM, a TakKoKe TIPM HYJICBOM WIN 


OOpaTHOM CMEII[CHUM IIPOBOAMIOCh pe3OHaTOpHBbIM MeToLOM [2, 3] Ha YacroTax 9+ 
10 (Tu. 


Il. 3AKJUIOWVEHHE = 


1. I[lpeycrapnena cepa HOBBIX apceHMoramiMeBbIxX OaNouHbIX AMOZ0B 
pa3sIMyHorO PYHKIMOHAIbHOTO Ha3HauveHWA, MOTTBepxKAeHa Ux paboTocno- 
COOHOCTb B MM JMalla30He M B JIMHHOBOJIHOBOM YacTu onTMyecKoro mMara- 
30HAa. 

2. [loka3aHbI BO3MOXHOCTh MW MepcieKTMBHOCTh IIpPMMeHeHMA apceHuorasiue- 
BbIX P-i-n QMON0OB WA MOBbILMeHH CKOpocTm oG6paGoTKM CurHaioB B MM IMa- 
[1a30HE. 
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MM-WAVE GaAs DIODES 


Chechenin Yu.l., Shabanov A.B. 
Salut Co., 7 Larin St, Nizhny Novgorod-603107, Russia 
fax (8312) 66-50-20 


GaAs mixing diodes, multiplying diodes and varcators with the extreme values of the ultimate and critical frequencies are being 
successfully used in the receive-convert units of the mm-wave range. Optimization of the epitaxial structure parameters and diode 
designs allows us to increase the operating frequency up to 2-3 THz. GaAs p-i-n diodes with the thin bases commutate signals in 
the range of about 120 GHz with the switching speed of 1-3 ns. Typical value for the capacitance is 0.010-0.015 pF. Diodes have 
no analogs. They are environmentally stable and are used at the temperature of -60°C - +85°C. 
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Meronuka MofeIMpoBaHHA yCuENTeueH CO B3AaHMORMeHCTBMeM Ha rapMOoHNKax 


Kpppxanoscnnuit B.I., Llepuenko W.H., Pomencnni A.o. 
TlonenKun rocyHusBepcnrTerT, Novenk, YxKpanna 


Breneune. TlonmrapMonnueckui pexxuM pasorbl ycusuTesen xapakTeplsyeTca 
HAaNMUMeM CBASCH B BbIXOMHOM emu, CO3saroulux HyJIeBOM UMNesaHe Ha AeETHEIX 
rapMOoHvKax WM OeCKOHeUHBIM Ha HeueTHDIX B TOMKAX TOAKIIOUCHUA KOJIIEK- 
TOpoB TpaHsucTropos. B ycumuTeltax Klacca H wynmb umnezanca Ha wacTOoTe 
BTopoli TrapMOHMKM jocTuraeTca He C HNOMOITbIO CBOlCTB BbIXOJHOM 
cormacylomjel menu (ycwsIuTemm Kiacca F), a BbIgemeHueM BTOpOH TrapMOHUKU 
KOJICKTOPHOrO HalpAKeHUA TpaHsMCTOpOB HU tepeyaueli ee c TpedyeMBIM 
(basOBbIM CABHTOM B KOJIIeCKTOPHY!0 WWellb cocemHero TpaHsucTopa. ITU 
yCUIMTeIM XapaKTepusyIoTCA CyIecTBeHHO HeNMHeHHBIM pexHMOM padoTHI 
TpansucTropos. B [7] MokasaHo, ITO AIA AKTMBHOTO HeuMHeEMHOTO 9aJIeEMeHTAa 
CBH3b M@KIy KOMIIOHCHTAMM OTKJIMKAa WM BXOAHOTO CHTHaia ONMCbIBAeTCA 


COOTHOINICHMEM: | 
e (a,a(p)) = iS" ( pc" (a,),c*(@),.5€" (,)) + 
1.05( prec," 00) e"(o).c*(0;).--¢"(@,)} 


B3nech C- - BeKTOP KOMNOHeHT OTKIMKAa, Ct - BeEKTOP KOMIOHCHT BXOJHOTO 
evrnana; {wi}, i = 1,...,p - COBOKYMHOCTh 4acToT, o6pa3yiouluxca B pesysLTaTe 


HeNUHeMEbIX sdeKTOB; & - HOMep Teda, N - HOMep KOMMOHCHTbI BeKTOPa. 
S*,Q%- KOMIIOHEHTHI MATPHIbI PacceAHMA HM MsJyyeHuA cooTBetcTBeHHO. JIA 


MOeIUpOBAaHUA paooTh! HeENMHeMHOTO AKTMBHOTO oeMeHTA HeOOXONMMO pelllutTb 
cucTeMy He@JIMHeMHbIX TPaHCIeHJCHTHBIX ypaBHeHuli ANA BCeH COBOKYMHOCTH 
gactot {0,}, i=1,....p HM Kamxgoro sHadeHuA AMUNMTYAbI BXOWHOTO CHrHasia. 
Ilosromy AIH MOeMMpOBAaHHA ycunutTenei Kaacca H HeOoOxOuHM MeTOL, 
aleKBAaTHO OMMCbIBaIOlun yceTpolicrna, cofepxatlne akTMBHBIEe HeJIMHeUHBIEe 
QIeMCHTBI WM aJIeMeHTEI C paciipeleieHHbIMU TapaMeTpaMU, IH KOTOpPbIx 
onucaHMe SKBUBAICHTHBIMH CXeMaMH Ha COCpeROTOUCHHEIX OJICMeEHTAX He 
upumMenumo {1}. | 

Teoperuyeckan uacrb. B ocHoBy Takoro MeTOA HOJO#KMM cosfzannue 
MaTemMaTHuuecKoli MOeIM yCTpOMcTBa Ha OCHOBE mucpcpepeHilMasIbHbIXx 
ypapuenuii Kupxrodja 4 MMMyJbCHbIX MaTpUIy mepezauuw oJIEMeHTOB C 
paciipeseseHHbIMU TapaMeTpaMnu. Umirynpenylo MaTpuly Wepewaun onpeyesIuM 


Kak HaOOp MMILyNIbCHBIX XapakTepucTMK Tepeqaun [Ga (2)| wu |G, (1) U3 


mn 


ineua m Bs oneyo n. CBa3b MeKAY UMNYIbCHDIMM MH YacTOTHBIMK 
xapakTeplcTwkaMu Uepesqauw OfnOsHadHad [2] wu ompezenseTca U3 
cooTtHomenun [2], [3]: a 


“iS _ 1 ¥ : ie 
G (t)= oe Ym (ia)e"da, 
l +0 (1) 
Gi (t)= oe Jom (iw)e"" da 
B [2] moKasaHo, 4TO eC f,x(t) - CHrHan Ha BxOfe “eTHIPeXMOJIOCHUKA C 


UMILy IbCHOM xapakTepHcTHuKON TMepeszauH G(t), TO BbIXOZHOM CHrHal fesx(t) 
onpefenaeTcA IMHeMHOU cRepTKOM mocuesoBaTeipHOcTen f,,(t) u G(t): 


foualt) = [fa(QG(e—2dt = fu.(t)® G(0) (2) 
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Ha ocnopaHuu teopemsr [2] 8B uwacTroTrHOow oOmacTH aTO cooTHOMeHHe 
wpeo6pasyetca B MmpousBemeHue uacTOTHOTO Koodipunnenta Mepexauu 
YeTLIPeXIOJIOCHMUKA MU CHeKTpa BXOAHOTO CHrHasa: 


fox (iO) = f,,(i@)- T(ia). (3) 


Ha ocnosanun (1), (2), (8) craHOBUTCA BO3MO}KHBIM YUeCCTh BIIMAHNE JJIEMEHTA C 
paciipeqeJIeHHBIMM Tapamerpamn 6e3 mepexoga B UacTOTHy10 OOacTE: 


c(t) =[G"(1) | c*(2) (4) 
rme c- (t) - BeKTOp OTKMKOR; ct (t) - BEKTOp BXOMHBIX CHTHAaJIOB; “®  - osHayaerT 
cpeptTKy (2). 
PaccMOTpHM CxeMy MeTOa pacueTa: 
1) Jexomnosumua ucxogHoro ycTpolcTBa Ha OOK, cofeprxariHe HeJIMHeEMHbIe 
AKTMBHbIC DICMCHTbI UW 3JIEMEHTLI C COCPeAOTOUCHHbIMU TapameTpamMy U OOK, 
coyepKallue dICEMeHTHI C pactipesxesIeHHbIMM NapaMeTpaMyu. 
2) Onucanue MonenM ycusuTeIA AUdpepeHyMaNbHLIMU ypaBHeHuAmuU 6e3 yueTa 
SJIeEMeHTOB C pacuipeseICHHbIMU NapamMeTpamMy: 


— ten — ee 


areal (5) 

rye N - uwucno emKocrei, M - uucno MWHDYKTUBHOCTEN. 

3) Onpezemenue B Cucteme 5) HalIpaAxeHHM M TOKOB, AeCMCTBYIOINUX Ha BxOsax U 
BLIXONaxX IIEMECHTOB C pacnipeseJIeHHbIMU MapaMeTpaMu: 


U= EAGER Ee), 


Lae (GaRL.C), (6) 


iy = F(U,1R,E,C) 


snech U,,,/,,- BOJIHBI HalpAKeHHM MW TOKOB, eMCTBYIOUIMX Ha BXOjaX WM BbIXO- 


aX 9IEMeHTOB C paciipeseseHHbIMM Hapamerpamu. Ilepexoy oT HallpaxKeHun u 
TOKOB K BONHAM B JAHHOM KOHTeKCTe AOMyCTUM. OTO cuelyeT U3 COOTHOMIEHHM 
(2) u (8). 
4) Pemenue cucrempi (6). 
Pe3yabTaThl UNCHeHHOTO MozelIupoBanua. Kak WpuMep UCIOUb30BaHHA 
Merona, pacCMOTpuM TeCTOBy!IO cTpyKTypy (pHc.1), mperzcraBnsiolyIo cobon 
tlaccuBHoe ycTpoiicrso CBU, odecneunsarnulee MOseIMpoBaHue oddekToB 
mpeo6pa3s0BnaHua sHepruu TapMOHUK B ycusMTene Kmacca H. : 

Cuctema uNETpyloime-pasocwBurawlyux sIeMeHTOB C OOpaTHOHM CBA3bI0 
Ha BbIXOone HeNHHeMHOTO »seMeHTa mpeyctaBmaer coOoHw osneMeHT C 
pAclipeseseHHbIMM MapaMeTpaMu CO CBOMCTBaMM HallpaBsIeHHOTO (usETpa [1]. 
Ilpunuun padoTh yMHOKUTeEIA UacTOTH! 6e3 OOpaTHoH cBasu onucan B [4]. Ilpu 
Hanmuunuu o6paTHol cBA38u MpOMCXOAUT cHesyromlee: CO3faBaeMOe HeTMHEMHbIM 
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gnemMeHTtomM C(u) wHampaxenwe, Ooraroe TrapMOHMKAaMU, NepeyaetcA B 
HalpaBIeHHbid usbTp, HacTpOCHHbIM Ha wacTory NwWo. Hanpamenne, 
nelicrByromee Ha meue 1) dunbLTpa, TomBepraeTcA pewmeKUUU Ha WacTOTe NWo U 
ronanaet B Harpy3sKy R,. Jina rapMoHuUKM nwo CosfaloTcA WBa KaHasla Tepeqaiu 
asHepruu: a—b ca u ac—b- a. B 3aBMcMMOCTM OT BpeMeHM Banas piBaHuA 
TaPMOHHKM NWo MOMHO TONYYMT B TOUKe @ HyJIeBOU MMIewqaHC Ha YacToTe 
stow rapMoHuKu. Ha ocnose cooTrHomenui Mounu-Poy, pu HewMnenHbix 
B3AMMONeUCTBUAX HYJICBOM UMMTieqaHC Ha YacTOTe NW AOWMKeH WpMBecTH K 
mpeoOpas0BaHwio SHepruv TapMOHUKA NWo B SHEPrio APyrUx rapMOuUK. 

Marpuma paccesuua [S,,,(io)] HanpaBneHHoro uspTpa Obila WomyueHa Ha 


ocHOBe MeTORUKH, ommcaHHol B [5]. Kosadduruent lepexqaun PUNbTpa W3 Ireua 
1 B umeuo 2 (puc.1) annpoxcumupoBasca dyHKuMen Taycca: 


S, (io) = Aexp|-(o ~@,) [22° (7) 
IIpumeuaa cooTHomenue (1) K (7) Nomydaem MMUyJIBCHY!O XapakTepwCcTHKYy 
nepesauu oT useua 1 K neuy 2: 


4S - A’? -(@-o,)° /2a? -iO(@) iw 
Gali)=5- Je a ” 


~~) 





Muomutrenb ee ompeneinet dbasoRylo XapaKTepMcTUKY PUIbTpa. 
Kak noKasaHo B [8], cooTHomleHue (8) NOocIe MHTeTpPUpOBaHvA IIPMBOAMTCA K 


BUY: 
: are: 2 
G;(t) = Boos at ~ O(a) \e aca (9) 
ConepuieHHO aHaJIOrHUHO BBIUMCNAIOTCH OCTANbHEIC 2IeEMeCHTLI MMILyJIbCHOM 
MaTpHIbI Wepexaun ic. (1) ; 


mn 


Il[pumMensaa paccMaTpuBaemblit Mero K cxeme Ha puc.1, Womydaem cuctTe- 
My HeJIMHeHHBIX AuddepeHiManbHEIx ypaBHeHnu (6). Jina peleHua nomyueH- 
Hom cucrempr (6) ucnompsoBpanca metoy PyxHre-Kytta BOX%xKeCHHEIX CopMyJ 
Tlopmana-IIpuuca [6], qatomun HaMHVasillyio NorpelinHoOcTh U3 MeTOROB Pyure- 
KytTta 9-ro nopAsAgaKa. 

Pe3yibraTs! UHeNeHHOTO MomemmpoBaHua. B mporecce MOeJIMpOBaHuA 
KOHCTpyKUMM (puc.1) uccnezoBaMch CHeAyIOUuNe 3aBMCMUMOCTH: 

1) AmMnautyyza Bropow TapMOHUKM HallpsxKeHHMA Ha HeMHEMHOU eCMKOCTH B 
3aBUCUMOCTH OT (basoBOoro HaGera sTOM TapMOHMKM, BOSBpalljaeMOM HallpaBseH- 
HbIM (puUJIbTpOM (puc.2). 

2) AMunutTyia BTOpol rapMOHUKH B KaHasie a—b-»c-—a (puc.1) B 3aBucuMocTH 
oT dbazsoBnoro HaGera 9TOM TapMOHUKU, BOsBpalllaeMOM HallpaBJIeHHbIM (PUJIbTPOM 
(puc.3). 

Bua s3apucumocreli wa puc.2 u puc.38 ykasbiBpaeT Ha pesOHaHCHBEIl 
XapakTep B3aNMoelcTBua B Welw “HewMHeWHaH eCMKOCTE - HallpaBJIeCHHbIi 
(puNbTp . 

3) OrnonieHuve MOUHOCTH TepBoi rapMOHMKM, pacceMBaeMOM Ha Harpy3Ke K 
MOINHOCTH NepBoi rapMOHUKM ACTOUHNKA CHTHala B 3aBHCMMOCTHM OT chas0BOro 
Hadera BTOPOM TapMOHUMKH, BOsBpallaeMOH HallpaBIeEHHbIM GUJISTpOM B TOUKY a 
(puc.4). 

| S3aBMCHMOCTb Ha puc.4 TOKasbiBpaeT yBelMueHue KOsmpuNNeHtTa nWepeyaun 
MOUIHOCTH epBoM rapMOHHKH B MOMeHT CO3yaHHA HyJieBoro MMilefaHca Ha 
BTOPOM rapMOHMKe B TOUKE BKJIIOUCHMA HeEJIMHEMHOTO aTIeMeHTAa. 

Kputepvem rio6anbHow NorpeliHocTH WM WpaBuUJIbHOCTH WpuMeHsAeMOro 
merola BBICTyMaeT 3aKOH cCOxpaHeHHMA oHepruuM (OamaHc MOIHOCTeH) B 
yuHtTerpanbHon dopme (puc.5). Unrerpanbubiii GamaHc MOU[HocTeh ompeeiseTca 
COOTHOIMeHMeM: 
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at, 


1) 
i- 
hued 


i, =(n—-l)l <t <nv. 


I(%. fase 
see = LA ae (10) 


O6uymeHne MHTerpanbHOow KpuBoHw AP(t) (puc.5) B Kone KasKAOTO Nepvoya 
(t=nT) qOKasbipaeT BbITIOMHeHMe 38AKOHOB COXpaHeHHA B TeECTOBOM CTpyKType 
(puc.1). PesympraTpr MofeuIMpoBaHuA puc.2 - 9 TMOSBONAIOT CelaTbh BbIBOA O 
BOSMOMKHOCTH IMPMMeHeEHHA TpenmwaraemMoro MeTOwa ANIA MOeUMpOBAHvA 
ycnumuTenen Kiacca H u FE’. 
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METHOD OF MODELLING OF AMPLIFIERS WITH HARMONICAL INTERACTION 


Kryzhanovsky V.G., Shevchenko I.N., Romensky A. E. 
Donetsk State University, Ukraine 


Method of modelling of amplifiers of H-type polyharmonic working mode is offered. Results of testing structure modelling using the 
offered method are given. The results are consistent with theory. 
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AHANIV3 MHOFOCMrHANbHOro 
PEXKUMA PAGOTDbI SIBB 


B.A. KOHKUH 
Mockoeckull aHepeemuyeckull uucmumym (mexHuYecKuU yHueepcumem) 


AHHoTalMa - MxorocurvanbHbii pexum paSoTh! mMoujhbIx CBU ycunuTenes, ConocTasnaioTca pesynbTatbl atansa 
cnexTpos Ha BXoge v Ha BbIxoge JIBB, nonyyerHble Ha ahanvsaTope cnekrpa C4-60 vc NOMOLIbIO MsMepUuTeEnA SHEpremuyecKux 
napaMeTpoB Ha OCHOBe NEPBVYHbIX YACTOTHO-CENEKTVBHEIX FMPOMarHUTHbIX npeoSpazopatenel. Anpecyetca pa3spa6oTunkam 
u3sMepuTenbHo CBU annapatyppl, CBY renepatopos “4 ycunuTenen, paboTaioujux B MHOTOCHTHANbHOM PexKuMe. 


|. BBenenne 


MHorocurHanbHbit pexum pa6oTb! MOUJHbIX ycunuTenei (reHepatopos) CBU-KoneOaHui, Nnpy 
KOTOPOM Ha BXOfe YCUNVITeNA B LUMPOKOKM NoMmoce YaCTOT CAHOBPEMEHHO NPHCYTCTBYIOT HECKOMIbKO CHTHAsIOB 
DPA3NWYHOM MOLIHOCTH MW Ha pasmVMYHbixX YaCTOTaX, 3HAYVTENbHO YCNOKHAeET 3afayy aHansa (u3mMepeHUA 
napametpos) cnektpa Kone6aHvii Ha BbIxoge CBU ycunuTena (reHepaTopa). OTO BbI3IBAHO HECKOSIbKMMU 
npvyunhaMn: | 

- UACTOTHO-CeneKTMuBHOe v3MepeHve (OljeHKa) MapamMeTpoB (MOLWHOCTU, YaCTOTbI) KaxKGorTO U3 
Heckonbkux CBU-Kone6baHnik B TpakTe npegctasnaet cooon Henpoctyto 3aqayy; 

- cnektp kone6aHuii, npowenwux CBU ycunutenb MoxkeT NpeTepneTe VickaxKeHMA UW OOoraTMTbCA U3- 
3a NOABNeHUA KONeOaHV Ha KOMOUHAUMOHHBIX YaCTOTaX WU YaCTOTAaX FAPMOHHK; 

- CaMa V3MepuTeNbHaA annapatypa MOXKeT No pAAy NPYYWH UCKaxKaTb (OOoraujaTb) aHanv3vipyemblin 
ChekTp. 

Jina OUCHKM NapaMeTPOB MHOFOCHTHaNbHOTO CNeEKTPa LUMPOKO WCNONb3ylTCA ahHanusaTopbl cnekTpa 
(AC) cynepretepoguuHoro Tuna (C4-27, 28, 60), OfHaKo, STH aHanv3aTOpbl HE NOSBONAIOT USMEPATb 
MOLUHOCTb CBY-KoneGaHiA uv gonycKaloT Sombluylo NOTPeWHOCTh UsMepeHiA YacTOTbI. ANbTePHaTUBHbIM 
cnoco6om aHanv3a sABNAeTCA cnoco6, OCHOBaHHbIA Ha ABNeEHUM deppomarHWTHOrO pe3soHaHca U 
ViCNONb3YOLUIW TMPOMarHTHbIN Mmpeo6pasoBaTenb B PeKVMe KPOCCYMHOXKEHMA B KaYeCTBe NeEPBUYHOFO 
YaCTOTHO-CenekTUBHOrO NpeobpasoBaTena MoLHOCcTU. Annapatypa, peanu3yrouan aToT cnoco6, (u3mMepuTenb 
chekTpanbHOK mnoTHocTM MoUujHocTM KCIIM-1, BbinycKaBLIMMcA CepMMHO, MW VU3MepviTenb SHEpPreTUYeCKUX 
napametpos CBU curHanos (AST1)) no3sBonAeT MPOBOAUTbh YACTOTHO-CENeKTMBHbIG U3MeEPeHNA MOLUHOCTH U1 
YaCTOTb! C YAOBMETBOPUTENbHbIMK NOrpeLUHOCTAMY [1,2]. 

Llenbio HacToALje pa6oTbI ABNAeTCA conocTaBNeHve pe3yNbTaTOB aHaNnM3a MHOFOcurHaNnbHoro 
cnektpa C MOMOUJbIO U3MepUTeNA SHEpreTUYeCKUX NapaMeTpoB MU aHanusaTopa cneKTpa C4-60, no3sBonAiouijee 
OWGHUTb AOCTOBepHOCTb aHanv3sa Cc MoOMOLbIO UOT], a TakoKe OLEHUTb AOCTOMHCTBa MW HeAOCTATKU 
Ucnorb3syemMou annaparTypol. 


ll. Hexotopble ocoOeHHOCTH NPOBeAEHHbIX N3MepeHHH 


BOnbluUIaAA VHTeEHCVBHOCTbh OTAeNbHbIX CBU-Kone6aHui Ha BbIxoge JIBB npegnonaraeT Hannuve B 
V3MEPUTeENbHOM TpakTe HanpaBneHHbIX oTBeTBYTeNev unu (uv) aTTeHOaTOpoB, Tak Kak TpaANlMOHHo 
vcnonb3syemanr annapatypa (AC), oOnagaeT BbICOKOM YYBCTBUTeENbHOCTbIO MU eCTb ONACHOCTb Neperpysku 
emecutena AC, YTO BbISbIBaeT HENMHEMHbIe VCKaKeHUA WN BbIBOA CMeCUuTeNnA “3 cTpoA. HeoOxoAumMocTr 
NODABNeHVA MOLUHOCTH Ha BxXOAe CMeCUTeNA (3HAYEHMe MOLIHOCTH MO%KeET GbITb NW HE U3BECTHO) ABNAeTCA 
onpegeneHHok TpyAHocTbto np eKxennyatayuu AC. CytuecTBekHbim HegocTaTKom AC, (ocoOeHHo py aHann3e 
MHOrOcHrHanbHoro = cMektpa), ABNAeTCA Hanvune napasvTHbIX KaHanoB MpveMa, CBA3AHHbIX C cynep- 
reTepOAMHHbIM cnocoGom npeocbpa30BaHvA = yYacToTbt. HeBbicoKad YYBCTBUTENbHOCTb MeEPBUYHbIXx 
npeo6pasopatenei USM u cnoco6 npeo6pa3zoBaHva YacToTb! NvwatoT VON ykasaHHbix -HeAOCTATKOB. Npu 
NPOBEACHUM SKCNEPUMEHTaNbHbIX VUCcCNegoBaHvi ObINUW NPVHATb! CNeyYWaNbHbIe MepbI NO OTpaHVYeHUto UM 
V3MEPeHVIO YPOBHA MOLWHOCT Ha Bxoge W Ha BbIXoge JIBB (Ha sxoge AC). YcuneHHbie CBU-KoneOaHua He 
oTNMYaNKch flo MOLUHOcTH Gonee 4em Ha 3 gb. MakcumanbHan pa3sHocTHan YacToTa Obina BbiOpana 
CYLECTBEHHO MeHbWe, YeM MepBaA NMpomexyToUHaA YacToTa AC. PacnpeseneHue YacToT COCTaBNAIOLUMX 
cnektpa Ha BbIxoge JIBB uccnegoBpanoch aHanuTuyeckn c UenblIO OnpefeneHvA NMPOUCXOKACHMA STUX 
COCTABNAHOLUMX. 

OxcnepuMeHTanbHan yCTaHOBKa copepykana JIBBc 6nokamu nutaHvA, OBYXKaHaNbHbId V3sMepuTesib 
eHepreTuYeckux napamMeTpoB CBU curHanos [1] c NepBUYHbIMU NpecOpasoBaTenAMU NpoxoAHoro Tuna, AC, 
Tov 3agarounx CBU reHepatTopa, KOHTponypylouMe u pervcTpupytoluive npudoppl. CBY reHepaToppl 
BKnOYaNKcb 8B TpakT Ha Bxope JIBB Yepes pa3sBA3biBaloluine BEHTMM VM HanpaBNneHHble OTBETBUTENN. Ha pxoge 
“Ha BbIxofe JIBB Yepes HanpasBneHHble OTBeTBUTeNN ObINM BKNHOYUeHbI U3MeEpMTeENW MOLIHOCTH. 

CootserTcTByrolve BbIxoAb! AC wv WON nogkniouanuct K ABYXKOOpAMHaTHOMy CaMOnucuy. 

Cnektp Ha Bxoge uv Ha BbIxoge JIBB uccnegosanca no sxpaHam AC u Uoll c usmepeHvem YacrToT 
COCTaBNAOLIYX MU cpaBHeHvem ux amnnuty”. AvanasoH w3mMepeHvA amnnutygbl oTKNYKa curHana (no 
MOLUHOCTM) Ha okpaHe AC coctasnan 18 4B, (HenUHemHbIM MacuTaO) a Ha okpaHe USN - 10 aB (nunedHem 
MacwTa6), NPY MM“HMMaNbHOM OTKNMKe - OHO HeneHve WkaNnbl. 
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lil. PesynbraTbl skcnepumMenta 


Ha Bxog BB nogapanuct ton CBY-Kone6baxna Ha YacToTax fi, fo, fg CyMMAaPHOM MOLUHOCTbIO 13 MBT 
(P2 = Ps; Pi= Po/2, rye P2- MouHoctb Kone6aHMA Ha Y“acToOTe fo. SHAYeEHUA PAasHOCTHbIX YacTOT f 2 - f; = 60 
Miu aw fs - f= 40 Mu yctavapnusanuch no akpaHy AC, nogknioueHHomy Ko Bxogy IBB. UnTerpanbHaar 
MOLUHOCTb Ha BbIXOfe JIBB coctasnana Gonee 1 Br. Cnextp Ha sbixoge JIBB (puc.1 uv puc.2) cyuwecTBeHHO 
o6oraTunca 3a CYeT NOABNeHYA KOMGMHALIMOHHbIX cocTaBnAtolMx. (CnekTp Ha Bxoge JIBB Ha pucyHKax He 
NoKa3aH). U3MeHMNMCb 4 COOTHOWEHVA MeX*KAY AaMNNUTYAZaMu CurHanoB: Py=P3; P2>P;. AHann3c NOMOLUbHO 
AC BbIABAN KOMOMHaLIMOHHbIe COCTaBNAIOWMe Ha YacToTax fy ... fy5. Cnextp, HaSmiogaBluMiica Ha aKpaHe MON, 
copnal! CO CNeKTPOM Ha 9KpaHe AC (cosnanu yacToTbi oTKNUKOB cnexKtpa f;, fo, fs, fs, fz, fe, f14). OctanbHbie 
COCTaBNAIOLUINe HE BbIABNeHbI Ha akpaHe VOT] w3-3a ManocTv ypoBHel curHanoB Ww HepocTaTOYHOK Ans 
paccmaTpuBaemoro cny4ar H3O0upaTenbHocTM VON [2]. AMmnutygubii aHanns cnektpa no akpaHy VST1 nokasan 
PaBCHCTBO MOLUHOCTeM MepBoro Ww TpeTbero curHanoB, (OAMHAKOBbI MW NOKa3saHVA UHAUKAaTOpa MOLUHOCTH), 
MOLWHOCTb BTOpOrO CHrHaNa OKa3sanacb Oosibiie MOLWHOCTM nepBoro Ha 2,2 OB (pacyeT no moka3saHvAM 
VHQUKaTOpa MOLHOCTH). AMMNUTYAbI OTKNUKOB BbIABNEHHbIX KOMOUHALIMOHHbIX COCTABNAIOLUMX Haxoquncn 
B npegenax 0,1...0,2 eneHua LuKkanb!, “TO cocTaBnAeT Sonee 13 GB oT ypoBHA MOLUHOCTU BTOporo curHana 
P2. (MouHocTu KOMOMHAUMOHHbIX COCTABNAIOLUMX He W3MepANMch). JIVHeAHbI MO MOLUHOCT MaciTa6 oKpaHa 
USN no3ssonret MOcTaTOUHO TOUHO, He NpvGeran K MsMepeHVsM, ONPeAENATh OTHOLWEHMA MEXKAY 3HAaYeHHAMU 
MOLUHOCTeM OTACNbHbIX CurHanoB B Mpefenax AVHaMMYecKOrO AMaNa3soHa paBHoro 10 ab. AMnnvTyQHbli 
aHanu3 mo skpaky AC noka3an TonbKO MPHMepHoOe PaBeHCTBO MOLHOCTeN NepBoro u TpeTbero curHana, YTO 
MOKeT ObiTb OObLACHEHO HEPABHOMEPHOCTbIO YaCTOTHOM xXapakTepucTuKU V3MepuTenbHoro) =TpakTa. 
PaccuvTaHHoe Mo AeNneHUsM SKpaHa OTHOLUEHHe 3HAYeHWA MOLUHOCTM NMepsoro KONeBbaHusn K 3HAYeHUIO 
MOLIHOCTH BTOporO cocTaBuno 2,2 4B v4 coBnano C paccuUTaHHbIM MO NOKaSaHVAM UHANKaTOpa MOLWHOCTU 
Von. Busyanbybli aMnnutyAtbIh aHanu3s KOMOUHALIMOHHbIX COCTaBNAOWUMX (aMNNMTyYBa OTKMMKOB -MeHee 
OAHOTO AeNeHUA SKpaHa) AaeT HEBEPHOe NpefCTABNeHVe O AEVCTBUTEFbHOM COOTHOLUCHMM MEXKLY YOOBHAMU 
MOLUHOCTU BTOporo KoneOaHua W KOMOUHALIMOHHbIMU COCTABNAIOLUMMM. PaccuuTaHHble mo geneHvsm skpaHa 
OTHOWEHMA CocTaBUn 15...18 4B ANA pasnuuHbix COCcTaBNAOLUMX CneKTpa. 


IV. 3aknioyenne 


ConoctasneHve pesynbTaToB aHanu3a cnekTpa mpv MHOrocurHanbHOM pexume pa6oTbi IIBB c 
nNomoutblo AC uv HO%n no3sBonuno cpenaTb cnepyroue BbIBosbI: 

- AC wu USN goctopepHo oToSpaxkaloT YacTOTHOe pacnpeneneHve cocTasnAiowmux cnektpa, npu 
stom, AC, oOnanan Gonbue YyBCTBUTeN-LHOCTbIO U nyywen u3s6upatenbHocTbIo, nNo3BONAeT NpOBOAUTb 
4YaCTOTHbIN aHanu3s Gonee NONHO, scpcbekTHBHO BbIZeNAA CurHanbl HA3KOK MHTeEHCUBHOCTN; 

- @MNNUTyAbl OTKNVKOB CBU-Kone6aHn Ha skpaHe VON B nonoce o630pa NOsBONAHOT Cc BbICOKO 
TOYHOCTbIO OLIEHUTb COOTHOWEHMA MEXKZY MOUJHOCTAMM KaAKAOFO OTAeNbHOro KoneGaHuA (USN npenHasHayeH 
ANA USMEPeCHUA MOLUHOCTH KaxKAOTO OTAENbHOrO KoNeGaHuA Cc NorpeluHocTbIo He Gonee 1 AB); 

- COOTHOLWEHHA MexAy aMnnutyaaMmu Ha 3kpaHe AC He ABNAIOTCA AeCUCTBUTEMbHbIMM COOTHOLUGHVAMN 
MexAY MOLHOCTAMMY CBU-kKone6aHui, 3-38 HENMHeMHOCTU BeEpTMKaNbHOM wWKanbl aKpaHa (onpefeneHue 
AEUCTBUTENbHbIX COOTHOLIEHMH Tpe6yeT BbIUNCNeHMA): 

- HeOOXOAUMO NPMHATME cNelManbHbIX Mep obecneunBatoulMx paboty AC B  gUuHamnueckom 
Avana3zoHe WCKMOUAIOLeM BOSHVKHOBEHME Ha SKPAaHeE SIO)KKHbIX OTKMVKOB, CHYKAIOLUMX AOCTOBEPHOCTb 
ananu3a; 

“ANA AOCTOBEpHOrO aHann3a B LUMPOKOU Nonoce YacToT CBY-KonebaHui GonblWoh VHTeHCUBHOCTH c 
NOMOWbio AC Heo6xoqumo npegBapyTenbHoe uccnefoBakve u3mepuTenbHoro CBU TpakTta c UeNnblo 
ONPEACNeEHUA CFO AMMNVTYAHO-4aCTOTHbIX MW Apyrux XapakTepUcTUK: 

~ ABYXKaHanbHbIN VON noKa3zan ce6A ocbdbektTvBHbIM cpeAcTBOM  aHanvu3a  MHorocurHanbHoro 
cnekTpa, Npowegwero CBY ycunuTenb MOUHOCTH; 

- AC uw US! He nossonAtoT onpefenuT YacToTbl CBU-Kone6aHnii, BbIsBABLUUX NOABNeHKe KaxKgoi 
OTAENbHON KOMOUHAUMOHHOU CocTaBnaowen. 


V. Cnucok nutepatyppi 


[1] Kutattues A.A., Konkvk B.A., Kpauxuy 1H. 4 ap. Mavnopamyblit wsmeputenb sHepreTu4ecKux napametpos CBU-curHanos. 
C6. Hay4H. Tpygos, N 241, M.: Mock. sHepr. wH-T, 1991, c. 40-47. 

[2] KoHkuH B.A. “OueHka AByXcurHanbHol uaGupaTrenbHocTu U3MepHTeNA SHeEpreTuYecKux napametpos CBU cyrHanos" - 
Matepvanb! 4-04 KpbimcKod KoHqdbepeHymn "CBU-TexHuka M CnyTHVKOBbI npuem". - Cepactononb, 1994. T.2, €. 377-380. 


ANALYSIS OF TRAVELLING-WAVE TUBE MULTISIGNAL OPERATION 


Konkin V.A. 
Moscow Power Engineering Institute (Technical University) 
14 Krasnokazarmennaya St., Moscow-105835, Russia 
tel. (095) 362-79-58, fax 361-16-20 


Energy parameters measurement unit based on frequency-selective gyromagnetic transducers is applied for reliable determination 
of powerful microwave amplifiers output spectrum. Amplifiers operation in multisignal regime is investigated. The results of 
travelling-wave tube input and output spectra obtained with commercial spectrum analiser C4-60 are compared with those obtained 
with energy parameters measurement unit. Advantages and disadvantages of both methods are discussed. 
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Puc.I. Cnexrp curnanop Ha BHxone JIbB. 
Banvcb Ha camonucye c Brxoga AC C4-00. 
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Puc.e. Cnextrp curHanos Ha BHxome JIBB. 
Sanucb Ha camommMene c BHXona Moll, 
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BIIWMAHME TONLIAHbI SHEKTPOHHOFO 
NOTOKA HA XAPAKTEPUMCTVKK PESOHAHC- 
HOTO FEHEPATOPA O-TUNA C MPOOUNMPO- 

BAHHbIM MAFHUATOCTATAYECKMM NONEM 


Ogapenko E.H., imMatoxo A.A. 
Xapbkoeckuli eocyOapcmeenHpiti yuueepcumem, Xapbkoe, YkpauHa 


AnHomauus - Teopetuecku uccnejyeTcr reHepaTop MURNUMeTpOBbIX M CyYEMUNMYMeTPOBbIX BONH TKNa OpoTpoH-T OV) 
(reHepaTop AUcbpakyMOHHOrO Vi3Ny4eHYR) C HEOAHOPOAHbIM MarHTHbIM cboKycupyloulMM nonem 1 SNeKTPOHHbIMY NyYKaMN 
PaasNM4HOU TONUMHbI. PaccMaTpuBaertcr pexum camoBos6yKqeHnA KoNeGaHui W pexXVuM yCTaHOBMBWUXcA KoNeGaHHi. MoKasaHo, 
YTO NPOCTPaHCTBEHHOe pacnpefenenve MHAYKUMM chokycupyloulero MONA CyULeCTBEHHO BNMAeT Ha XapakTepucTuKM reHepaTopa 
pV A3MEHEHMM TONLWMHbt SFEKTPOHHOrO NoTOKa. 


|. BBenenne 


B mMunnumetposom uv cyOmMunnvumMeTpoBom AMana3s0He ANVH BOMH VHTeHCUBHOe B3aumMopencTBue 
enektpoHoB c CBU nonemM MOxeT OCYLIECTBNATbCA NVUb B Mpemenax TOHKOrTO cNoA ( MeHbwe nepvona 
SaMeANAIOLen CucTeMbi (3C)), pacnonoxkKeHHoro BNNoTHyIO K NOBepxHocTH 3C. B Takoi cuTyauun npumMeHeHvue 
Sonee MOLWHbIX ( a, 3HAYUT, M Gonee TONCTbIX ) MOTOKOB Cc HENbIO NOBbILIEHMA SCCeKTUBHOCTK 9NeKTPOHHO- 
BONHOBOFO B3aViMOAeNcTBUA Lenecoobpa3Ho TorbKO Npv oBecneyeHuN yonoBUi VHTeEHCVBHOrO SHeproo6meHa 
no Bcew TONMLUWHeE nyykKa. OHYM U3 BO3MOXKHbIX cnoco6boB peanu3auun TakuxX ycCnoBYA ABNAeTCA 
npodunupoBanve cokycupyrowero nona unu u3smeHeHne ero opveHTauun /1-3/. B cBA3N C STUM aKTYaNbHbIM 
NpeAcTaBnAeTcA aHarim3s 3aKOHOMepHOCTeN cbu3snuecKux NpoleccoB B NpnOope c pa3snvyHbIMM 3Ha4eHVAMU 
TORLIMHE! NyYKa B YCNOBMAX HEOAHOPOAHOTO MarHVTOCTaTM4eCKOrO NONA c YeNblo paspaboTKH NpaKTMYeCKUX 
PeKOMEHAaUNY, NO3SBONAWUIMX YBENUYUT BIXOAHYtO MOLUHOCTb CBU reHepatopos mv ycunmTenel. 


Il. OCHOBHAA 4YacTb 


TeopeTuyeckuiA aHanu3 cbu3snyeckux NpoueccoB B pesOHaHCHOM reHepatope npoBogunca Ha OCHOBe 
PeELWEHWA CaMOCOrnacoBaHHOW CUCTeMb! ypaBHeEHU @NeKTPOHHO-BONHOBOrO Npoljecca B3avMogelicTBuA B 
pamkax AByXMepHow momenu /3,4/. PaccmatpuBanocb rayccoBcKoe NpoctpaHcTBeHHoe pacnpenenenue 
chokycupylouero MarHUTHOrO NONA, KOMMOHEHTb! KOTOpOrO onpefenatotca cnepyrmouiwm o6pa3om: 


By = 1+Am exp(-((y-ym)/wm L )); 
Bz = 2Am(y-ym)(z-zm) exp(-((y-ym)/iwe L)*)/(wa L)*: 


re By uv Bz - 6espasmepHbie KOMNOHEHTHI BeKTOpa MarHUTHON VHAYKUYMM, HaNpaBNeHHbie NapannenbHoO (OCb 
Oy) 4 nNepneHANKynApHo (ocb Oz) kK nnockoctu 3C; Am, wn, YM- amnnutyga, pagvyc o6nactu nokanusaunn 
MarHUTHOM HeEOAHOpOAHOCTH WM KOOPAMHaTa WeHTpa HeEO{HOpogHocTV COOTBETCTBEHHO; ZM~- KOHCTaAHTAa, 
Xapakrepwsyioiad nonepeyHoe pacnpefenenne chokycupyroujero nonsa; y uw Z - NpofonbHaA uv nonepeuHar 
KOOpAMHaTbl, L - ANWHa MpoctpaHcTBa B3avmMonelicTsuA. Benvuunubt By, Bz wu Am HOpmupoBaHb! Ha 
HEBO3MYLUEHHOE 3HAYEHUe UHAYKUUK choKycupyrolwero nona BO , a wM - Ha Anny L. 

CTpyktypa mpoctpaHcTBeHHoro pacnpegenenua cboxycupylowwero MarHATHOTO nona onpegensnert 
chopMy CTaTM4eCKUX TpaeKTOpui anekTpoHoB MW Tem CaMbIM MOxeT CYLUCCTBEHHbIM O0Pa30M BMVATb Ha 
Npouecc sHeprooOmeda Kak B DexKMMe MaKCMMANbHOrO YCHNeHMA, Tak VW B pexKUMe MakcuManbHon MOLUHOCTH. 

B pexumMe MakKCUManbHOro yCUNeHUA B KAYeCTBE VCKOMON XapakTEPHCTMKM UCNOMb30BasICA yOeNbHbIn 
NyCKOBOUW TOK | Ha eAUHMLy ToniuWHb! nyuKa. Kak noka3anu pacueTst, YBENWUYEHVe TONLUVHbI 3NeKTPOHHOrO 
NOTOKa NPUBOAUT K CHWKEHHN |, T.e. ANA BOabyxGeHUA KOoNeSaHui B reHepatope c hyuKom Gonbuwel TONUMHb!I 
MOXKHO UCNOMb30BaTb SNEKTPOHHbIE NMYLUKM C MeHbLUeM MNOTHOCTbIO ToKa. Kpome Toro, oGHapyKeHo 
HACbILIeHNe BENUYMHb! YAeNbHOrO NMyCKOBorO ToKa, T.e. NPY AaNbHewemM yBeENNYeHUM TONLIMHb! nyyKa 
sHayeHie | NpakTuueckn He U3MeHAeTCA NpM nepemelWweHiN WeHTPa MarHVTHON HEOAHOpOAHOCTN BAONb 
NpocTpakcTsa B3avumogencTayua. fatHbii pesynbTaT OGyCNOBsIeEH HEOAHOPOAHOCTbIO BbICOKOYACTOTHOrO Nona 
BAONb NONEpeyHON KOOPAMHaTb! Z Mu TeM, YTO NPV GonblWOM TonWMHe nyuKa ( B paccMaTpuBaemom cnyyae 
TonuwwHa D = 0.02L) nanbHevwee yaenuyeHve napametpa D/L He npuBogMT K V3MeHeHUIO ToKOopacnpefenenHvaA 
B NpocTpaHcTBe B3avMOseNcTBUA reHepatopa. 

Kora MarHuTHan HEOAHOposHocTh cnabar (Am = -0.05; toxoocenaHue Ha 3C HesHauuTenbHoe nn 
oTCyTcTByeT ), TO NPY NepeMeleHuN LeHTpa MarHVTHOM HeEO“ZHOpoOg_HocTU BHONb ocw Oy ANA pasnnyHblx 
3HayYeHUn D fMpovcxoAAT NVUWb KONUYeECTBEHHbIE Y3MeHEHMA 3aBUYCMMOCTel (ym). OcHoBHOH pBKnan B 
eHeprooOmeH mexAy snexrpoHamu vu CBY nonem BHocAT BnwKaluue K noBepxHoctu 3C cnou nyuka KB 
AaHHOK CuTyalun yBenuueHve ToNWMHbI D npvBoANT TonbKO K M3MeHeHMIO KonnuecTBa SAPAKEHHIX YACTHY B 
9TUX CNOAX Ha BceW ANuHe L. B cnyyae cunbHoro ToKooceganua ( Am = -0.25 ) yBenuyeHve TONLIMHbI nyuKa 
CONPOBOKMAeTCA, HapAAy C YMeHbIIEHMeM 3HaYeHnA |, pacliMpeHveM UHTepBana 3HaYeHM Napametpa ym , 
THe YACNbHbIN NYCKOBOK TOK reHepaTopa C HEOQHOPOAHbIM MarHVTHbIM Nonem MeHblWe, YEM B reHepaTope c 
OObINHOU cboKycupoBKoi. OtTmeYeHHbie ocoGeHHOCTM 3aBNicuMocTel (ym) B CnyYae CHNbHOK mMarHuTHOn 
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HEOSHOPOAHOCCTH OOycnoOBneHb! npexge scero U3MeHeHVeM ToKOpacnpepeneH4s B NnpocTpaHcTee 
B3IaVMOAeNCTBUA. B cuTyalinw, Korfa TOHKNA NyYOoK OocefaeT NpaxTnyeckn NoNHocTbio, yBenu4eHNve NapametTpa 
D/L NPNBOAUT K YBENVYeHHIO AOSIA SNEKTPOHOB NoTOKa, yYaCTBYIOLWMX B Mpouecce sHeprooGMeHa c CBY 
nonem. Kak moka3anu AONOMHUTENLHbIe PaCUeTbI, OTMEYEHHbIE 3AaKOHOMEPHOCTH BNWAHUA TONLIMHbI 
SNEKTPOHHOrO MyYKa Ha NYCKOBOM TOK reHepaTopa COXPaHAHOTCA DNA NONOKUTEMbHbIX 3HAYEHNM AM . 

B pexxumMe MAKCKVMa@NtHOW MOUWIHOCTH OCHOBHOM XapaKkTepucTuKOK npMOopa ABNAeTCA MaKCUManbHbIi 
NO 30He FeHepal|“u BNeKTPOHHbIN KIT{] Ko. AHanus cbyanueckux mpouleccos B 3TOM pexKuMme NpoBoAMNCA Ha 
OCHOBE YACNEHHOTO PeLIeCHNA UCXOAHOK CUCTeMbI YPaBHEHUN ANA *UuKCMpOBaHHOrO 3HaYeHUA paBoyero ToKa VU 
ANA uKCMpOBaHHOrO OTHOWeHWA paGouero ToKa K nyckoBpomy. B cnyyae oOTCYTCTBYA ToKOOCefaHVA Ha 
NOBEPXHOCTb 3C yBeNWYeHVYe TONLUMHbI SNeKTPOHHOTO MOTOKA MpakTMUYeCKH He cKa3bIBaeTCR Ha dopme 
3aBucumocTer Ks oT napametpa ym. V3smMeHAeTCA TonbKo 3HayeHue KIN]. NogoGHbil pesynbTaT nonyyueH u ANA 
pexkumMa MakcCMManbHoro ycuneHun. Kpome Toro, YBENvYeHNe TONLUMHb! SNeKTPOHHOrO MoTOKAa CoMmpoBoxKAaetca 
YMCHbIUGHHEM SC(eKTMBHOCTH SNeEKTPOHHO-BONHOBOrO B3aumMOoselcTBUA. GlaHHbI pesynbTaT oOycnosneH 
CHYUDKEHMEM YAeENbHOrO NYCKOBOTO TOKa, UTO B GAHHOM ChyYae SKBUBANEHTHO CHKEHUIO yAeNbHoro paSouero 
ToKa (Ha eAWHMUY TONUIMHbI nyyka). CnegoBaTenbHo, B pamKax MccnegyemMokK mogenu cbuKcnpoBaHve 
OTHOLWEHUA pabouyero ToKa K MycKoBOMy c yBenvueHveM napametpa D/L npYBOAMT K CHYKEHMIO MNOTHOCTH ToKa 
nyuka W, Kak cneacTBue, K YMeHbLUeHMIO sneKTpoHHoro KIND. Ons nogAepxaHvA NNOTHOCTY ToKa Ha OSHOM 
YPOBHe ( wnu yBeNnuYeHA ee ) NPY yBeENMYeHMH TORLUYHbI Nyuka CNenyeT NOBbIWaTb OTHOLUEHMe paBbouero ToKa 
K NYCKOBOMY. 

B p@KUMe CUMbHOrO TOKOOcegaHusr yBenuuyeHve D B aBa pa3za c 0.005L go 0.01L np cbuKcupoBaHHom 
pa6ouem ToKe conpoBoxKAaeTcA NOBbILeHKeM Ka npakTu4ecku BO BCeM AMVaNa3so0He H3MEHEHMA NapametTpa ym. 
OTOT pesynbTaT OOycnoBNneH U3MeEHEHVeEM TOKOpacnpegseneHvA MW BbICOKOUACTOTHbIM paccnoeHvem 
SNeEKTPOHHOrO NOTOKa. ECNW TOHKMM NyYOK OceAaeT NpakTMYeCKM NONHOCTbW, To ANA D=0.01L oceganHve 6ynet 
YaCTUYHbIM, NPAYEM B MpOCTpaHcTBe B3aMMOseNKCTBUA OCTaoTcCA HavOonee yfaneHHble oT 3C cnon nyuka. 
ONEKTPOHb!I STHX ChoeB FO HaYana ToKOocegaHuA Haxog_ATCcA nog AevcTBuem Gonee cna6oro CBY nona no 
CPaBHEHUtO C SNeKTPOHAaMY, OCeAatOLUVMY Ha 3C. CnegoBatTenbHo, Nocne ocegaHuA HWMKHUX CNnoeB nyyka, roe 
SNeKTPOHb! NepewM v3 TOpMO3ALeNM cha3b! CBY nonv B YCKOpSIOWyIO ( pexXuM MakKcuManbHoro KINZ npu 
UCNONb3OBaHNU HEOAHOPOAHOrO coKycupyrouero nona /4/), B MpoctpaHcTse B3auMmonelicTBUA OCTalOTCA 
SNeKTPOHbI, KOTOPbIe TOpmMo3ATcCA CBY nonem u oTgawT emy cBolo sHepruio. LlanbHelwee ysBennuueHne 
TONLUMHbI Ny4Ka NPUBOAUT K CHYKEHUKH SCbCbeKTMBHOCTH B3aVMOAeUCTBUA Kak NPM CuKCMpOBaHHOM pabouem 
TOKe, Tak UW MPM PUKCHPOBAHHOM OTHOWEHNU paBbouero ToKa K nycKoBomy. NpuuwHb! OTMEYEHHOFO CHUXKEHUA 
KN no-sugumomy Te *e, YTO “WB CNyYae OTCYTCTBUA ToKOOCegaHMA, NOcKONbKy np“ yBenuyeHun D jOonA 
OCeBLIMX Ha 3C SFiEKTPOHOB B NOTOKE YMeEHbLUaeTCA. 


lil. SaxniouveHne 


Ha OcHOBaHMM NONyYeHHbIX B pa6oTe pesynbTaTOB MOMKHO CHeNaTb cNepyroulne BbIBOAbI. 

1. B pe3oHaHCHOM reHepatope O-TvuMa C HEOAHOpPOAHbIM dbokycupyroluMmM nonem yBenvueHve 
TONUMHbI nyYka conmpoBpoxKgaetca yMoneenKen YHenbHOro AYCKOBOTO TOKa c nocnegfyoutum ero 
HaCbILUeGHVEM. 

2, B cnyyae oTcyrcTBuA ToKOOcegaHnA Ha 3C 9snekTpoHHbIh KN rendepatopa cHywKaeTcA pu 
YBENMYEHUN TONLWIMHbI NyuKa. OOSujMe 3aKOHOMEPHOCTH 3aBucuMocTH KI oT KoOopAUHaTb! LIEHTpa MarHuTHOU 
HEOAHOPOAHOCTH COXpaHAHTcA. 

3. B cnyyYae CuMbHoro ToKOOcCegaHuA CyLeECTByYeT ONTUMaNbHoe 3Ha4eHve TONWMHb! nyyuka, pu 
KOTOPOM ANA chuKcupoBaHHoro pabouvero ToKa peanu3yloTcA HavOonbluMe 3HayYeHus KI] GesoTHOCUTENbHO K 
MECTONONOKEHMW LIEHTPa MArHMTHOU HEOAHOPOAHOCTH. 
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EFFECT OF THE BEAM THICKNESS ON CHARACTERISTICS 
OF RESONANT ©O-TYPE OSCILLATOR WITH PROFILED DC MAGNETIC FIELD 


Odarenko E., Shmat’ko A. 
Kharkov State University, Dept. of Radiophysics, 4 Svobody Sq., Kharkov-310077, Ukraine 
tel. (0572) 45-71-33 


The two-dimensional model of the microwave oscillator (orotron diffraction radiation generator) with the Gauss distribution of RF 
field has been considered. Theoretical! investigation of the linear and nonlinear characteristics for the different electron beam 
thickness is carried out. Analysis is based on the solution of the nonlinear self-consistent system of equations taking to account the 
space distribution of the focusing magnetic field displacement. Beam thickness increasing leads to the decreasing or increasing of 
the starting current of oscillator dependently on the DC magnetic field configuration. Two cases have been considered in steady- 
state condition: beam settles or does not settle onto the slow-wave structure. If the beam settles onto the grating, the optimum value 
of the beam thickness which corresponds to the highest efficiency is obtained. 
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YCJIOBHA TEHEPALMH SJIEKTPOMATHMTHbIX KOJIEBAHHMM B 
CHMPAJIBHOM PACHPENEJIEHHOM PESOHATOPE 
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I. Anyotauna 
Ha ocHoBe MOJeJM, HCMOUb3ylollieH SKBHBaJIeHTHY!O CXeMy pacripemeseHHoro 
pesoHaTopa MOJyYeHbI YCJOBHA BOSHHKHOBeEHHA aBTOKONe6aHHH MM  olpeneseHbl 
OCHOBHbI€e MapaMeTpbl pexKHMa reHepallHH B pacipezeseHHOM pe3soHaTOpe Ha OCHOBe 
OTpe3ka CIHpawbHOTO BOJIHOBOMa, MpOHH3bIBAeMOrO S3JIEKTPOHHbIM  ITyYKOM. 
OnpefeneHbl lMapaMeTpbl 9KBHBae€HTHOTO KOHTypa MH 3aBHCHMOCTb CTapTOBOrO ToKa 
reHepallMv mogo6uoro reHepatopa OT MapaMeTPOB 3EKTPOHHOFO My4Ka WH pesoHaTopa. 


Il. Bpenenue 
Takve BaxKHble KavecTBa, Kak WiHpokonosocHocTb JIBB uv BbicoKoe 3HayeHHe 


KOSPPHLMeHTa Noe3sHOrO JeHicTBUA Y KAMCTPOHOB ONpeseHIH HeOOXOMUMOCTh MoMcKa 
KOHCTPYKTHBHbIX pelleHHH, Korga Obl B OMHOM MpH6ope coyveTalHcb MOCTaTOUHO 
BbIcokHe 3Ha4eHHa uw KIT, uw padoyel nonocet uactot. OnHMM 3 TaKHX 
KOHCTPYKTHBHbIX pellle€HHH CTal Mepexod OT OGObIYHbIX OMHO3A30PHbIX pe3OHATOPOB K 
TaK Ha3bIBAeMbIM pacipeseeHHbIM pesoHaTopam (PP), mpegctaBsIoulHM co6o10 
OTpe3KH 3aMeMIAIOWIMX cucTeM (3C) c oTpaKalolMMM 9/IeMeHTaMH Ha Koutax [1], 2, 3] 
.. B PP pesynptupyrouree ctosuyee CBU none spanetca cynepnosmunei ABYyX 
GeryliMx HaBCTpedy Apyr Apyry ‘BOwIH c 6IH3KHMH TO BeJIHYHHe aMMMTyaMuH, NpHyeM 
B3aHMOJEHCTBHe SJICEKTPOHHOTO MyyKa IipOMCXOMHT, B OCHOBHOM, C MOMNYyTHOH emy 
BomHow. IIpa stom sB PP, B oTAM4UHe OT OMHOSA3OPHbIX pe30HaTOpOB c 
KpaTKOBPeMEHHbIM B3aHMOJeHMCTBHeEM Myyka C MOwJeM 3a30pa, B3AHMOJeHCTBHe HOCHT 
IJIMTeIbHEIM (HeckonbKO Nonynepvogos CBU noua), HakomMTebHbIM Xapaktep, Kak u 
B OTpe3sKax 3aMefsiouleH cuctemp! JIBB. B to xe Bpema PP, B oTmH4He OT 
COrlacOBaHHbIxX OTpe3skoB 3C, xapakTepH3yIOTCA pe3OHaHCHbIMH CBOHCTBaMH, TO eCTb 
YacTOTaMH, Ha KOTOPbIX HMeeT MeCTO 3aMeTHOe HapacTaHve CBU nosen, 3HayeHHAMH 
COOCTBeHHOH WM HarpyxXeHHOH AobOpoTHocTeH WH pANOM Apyrux MapameTpoB, KOTOpbIe 
CBOHCTBEHHbI OObIUHBIM KlaCCH¥eCKHM pe3soHaTopam. 

YcHAMTeJbHbIe KJIHCTPOHbI C pacmpefesJIeHHbIM B3aHMOeHCTBHeM MoKa He 
Halli WMpOKOrO NPHMeHeHHA, HECMOTPA Ha BeCbMa BbICOKHe Pe3ysJIbTAaThI NOAVYeHHbIE 
B TepBbIX 9kcriepHMenTax [1, 5]. CaasaHo sto, B MepBylO O4epesb, co CKMOHHOCTHIO PP 
K C€MOBO3OyxXKTeHHO. 


~ 


I]. OcHoBHas YacTp 
Jims TeopeTwueckoro onmHcaHHA MpoleccoB B3aHMOJeHCTBHA 9/IeKTPOHHOrO 
myyka c CBU nonemM pacnpexejeHHbIX pesoHaTOpoB B JIMHeHHOM npH61MKeHHH 
peflaraeTcaA HCIOJIb3O0BaTb MOJeAb, B KoTOpOH PP onucbiBaeTcA Cc NOMOLIbiO HeKOrO 
SKBHBAJIEHTHOrO MapaswiesIbHOrO pesoHaHcHoro KoHTypa (puc. la). 
OpekTHBHoe HallpsxKeHHeE AIA CyYAaA pacnpemeseHHbIX pesoHaTOPOB AIMHOH 
L ipemiaraeTca onpezesATb H3 COOTHOLMeHHA: 


U=L ii (z°dz | (1) 
0 


Jina  cCHHycovgaibHOrO WAM KOCHHYCOMJaibHOrOo§ pacnpeseneHHa nous 
acpsbeKTHBHOe HarpsxKenve B PP: U2=(E,L)2/2. 
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Bbipaskand 3anaceHHy B PP sHeprmi Kak CYMMY SHeprHul TipaMow HK OOpaTHOH 
GeryllMX 3JIEKTPOMArHHTHBIX BOJIH, HW BLIpaKaaA MOTOK SHEprHH STHX BOH Yepes3 
COMpoTHBeHHe cBa3H R,, CTPYKTYPbl, Mbl MO2KeEM OMpeeIHTb XapakTepHcTHYecKHH 
uMnemaHc PP yepes mapaMeTpbl 3aMefVIAIOIeH CTpyKTy:pbl, OTpesKOM KOTOPOH 
ABMIAeTCA HaHHbIA PP. 

§2=BLReaVrp / Vg=TMRegVrp Ve (2) 

Takue llapaMeTpbl 3aMeJWIAIOWeH CTPYKTYPpbI KaK nmocTOAHHaA 
paciipoctpaHeHua B, compoTHBeHve cBA3K Rog, @as0Ban WH FpyNNOBaA CKOPOCTH Vp, 
Vm MOryT ObITb pacc4UHTAaHbl, HCXOAH H3 TeOMeETPHUECKHX pasMepoB 3C, ecu pelieHo 
COOTBeTCTBYIOUee JKclepcHoHHoe ypaBHeHve (JLY) crpyKtyppt. 

Co6OcTBeHHad mpopogHmMocTb PP nph MlpenzcTaBleHHH ero B_ BHiJe 
9KBUBaJIEHTHOTO KOHTYpa MOxKeT ObITb OMpenesmeHa Kak: Yy=Pytjby , THe Yq - AKTHBHAA 
YacTb , CO6CTBEHHOM MpOBOAHMOCTH KOHTYypa, oMpesemmiomlanca moTepsmu (qwyxHtT- 
uMneganHcom) g,=1/Ry=1/ (Qox=2Pror/ U2; by - peakTHBHad YacTb coOcTBeHHOU 
MpOBOMMMOCTH KOHTypa, oOMpemesioulasca 3anacéHHOo B KOHType 9Heprven 
(peakTHBHEIM conpoTHBieHvem) b,=1/aL - oc=1 @ _ ®o } : 

OQ @ 

BpipakeHve fia BOOpoTHocTH pacMpefemeHHoro pesoHaTOpa MpH ycJIOBMH 
MaJIOcTH COOCTBEHHBIX MoTepb B PP u KoadduuMeHTe OTPaKeHHA BOJIHbI OT KOHIOB 
pesoHaTopa 6y1M3KOM K eAHHMUe HMeeT BH: 

rp 

Kosduuvent 3aTyxaHHa & TakxKe MOXKeT ObITb oMmpeseseH, ecau pelleHo LY 
COOTBETCTBYIOWeH 3aMeMAIOWIeH CTpyKTypbl. PacuetHble PopMyvibl WIA KOSdPpHUMeHTAa 
3aTYXaHHA BOJHbI B CMpambHol 3C npuBenenn B [6]. 

Ec paciipeneseHHbiId pe3soHaTop HarpyXeH 3JIeKTPOHHbIM MOTOKOM, TO 9TO 
MOXKHO OTpa3HTb MOAKMOYeHHeEM fMapaJWiedIbHO MCXOMHOMY KOHTYpy KOMIMVIeKCHOM 
9JIEKTPOHHOH mpoBoyuMoctH Y, (cm. puc. 16), KoTOopan MoxeT 6bITb 3alHcaHa B BHZe: 

Ye=getjbe=2P./U7=2(Peat jPer)/ U* (4) 
roe P, - KOMMeKCHad SACKTPOHHAA MOLIHOCTh B3aMMOseHCTBHA; Peg, Por - AKTHBHAA U 
peaKTHBHad 9JICEKTPOHHbIe MOI[HOCTH B3aHMOJeHCTBHA COOTBETCTBEHHO; Qe, be - 
aKTHBHAaA HW peaKTHBHas IJIEKTPOHHble MpOBOZHMOCTH Ily4Ka COOTBeETCTBeEHHO. 
. ' AKTHBHAA MOUIHOCTh B3aHMOMeHCTBHA 9eKTpOHHOTO y4Ka Cc  HoueM 
pesoHaTopa MpHBefeT K W3MeHeHHIO AObpoTHocTH PP. Hannune xe peakTHBHOU 
MOLJHOCTH B3aHMOJeHCTBHA MpHBezeT K HSMeHEHHIO pe3OHaHCHOH YacToTH! PP. 

Yenopue “6anaHca das” reHepatopa Ha ocHoBe PP: b,= - be MpHBOZMT K 
CAeMYIOWIeEMY BbIPaxKeHHIO JIA pe3OHAHCHOH YacTOTbI pacmpeseseHHoro pesoHaTopa, 
BO3O6y2KaeMOFO SJIEKTPOHHbIM MYYKOM: @,=O,(1 - ~be/2) 

Yenosue o6pallieHHii B HYJib CYMMapHOH aKTHBHOH IMpoOBOZMMOCTH 
Harpy2KeHHOFO 9JIEKTPOHHBIM MY4YKOM pacnpesemenHoro pesonaTopa (ycsiopHe “Gananca 
aMIWIMTyq” reHepatopa Ha ocHoBe PP) onpegzeiseT mMapaMeTpbi, MpH KOTOPEIX 
HIpoHcxoguT camoBpo36yxmenHe PP: g,=1/ ~PQox= - Be - 

Jlna pacueta cTapToporo ToKa reHepalluv, a TaK»ke YacTOTbl, Ha KOTOpOH 
6yneT caMoBo36yXaTbCA paclipefeseHHbIN pesoHaTOp, Harpy2XKeHHbIM 9/IeEKTPOHHbIM 
MyY4KOM, HeOOXOAHMO B COOTHOIeHHAX “OaslaHca a3” u “6anaHca aMMJIMTyR” 
OMpeseMTb eHCTBHTeJIbHYIO 2, H MHHMy!O by YaCTH MpOBOZMMOCTH 93/1eKTPOHHOTO 
myuka BbiparkaeMble Yepes aKTHBHY1O HW peaKTHBHYIO MOLJHOCTH B3aMMOseNCTBUA Ny4kKa 
c nomwem PP. BenwunuHa KoMMmeKCHOH 9JIEKTPOHHOH MOLIHOCTH B3aHMOeHCTBHA,: M0 
olmpeeseHHIO, MOKeT ObiITb HaNMeHa H3 COOTHOMIECHHA: 


(3) 
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| P.=0.5 1, (2)E"(z)dz. (5) 
0 


rne E(z) - pacnpenenenue co6crBeHHoro mona B pesonatope, I-(z) - Beawunna 
MepeMeHHOH cocTaBIAWUleH TOKa 3eKTpOHHOrO NyykKa. : 

Cuyvtas, 4To mone B PP onncbiBpaeTcH KOCHHYCOMMaIbHBIM 3aKOHOM, a 
M3MeHeHHe IOTHOCTH TOKa My4yKa Mp BosteHcTBHH Ha Hero BHeILUHEeFO 
9JIEKTPpOMArHHTHOPO Nowa ypaBHeuuem [7]: 

di ., di ee 
de? + 2jBe - dz - (B2 7 Bé)- le = jos PoE. (6) 

HM MpOBOAA HHTerpHpoBaHvHe, MOXKHO MOMY4HTb BbIPAKeHHA AMA NMepeMeHHbIX 
COCTA4BJAIOWIMX TOKa HW CKOPOCTH SeEKTPOHHOFO My4Ka C yYeTOM HataJbHOH MOYAALUAN 
HM cOOTBeTCTBYIOINMe opMysbl ANA aAKTHBHOK 4H peakTHBHOH mnpoBosuMocTH 
SJIEKTpOHHOro myyka B PP. STH BbIpaxkeHua npuBezeHht B TIpunomennu. B (6) 
HCMOJIb3OBaHbI Cilefywoluiue o6o3sHayeHHA - B,.=w@/vo - NOocTOAHHad paclipoctpaHenua 


ny'kKa, Bp =o, / Vo ; @p - PeYUNPOBaHHaA Wia3MeHHaw YacToTa My4Ka; Vg - CKOPOCTb 
myuka. 








TlogcTaBAAa NoAyYeHHble COOTHOWIEHHA AIA ge H be B ycuoBuA “6anaHca cas” 
HW “OanaHca aMMHTyA”, Mouyyaem ycJOBHA, KOTOpble ONpeyeAIOT caMoBO36yxXMeHHe 
pesoHatopa. Jina Toro, 4TOOb! onpefenHTb cTapTOBbId TOK reHepallMu letapr 
HEOOXOAHMO PellHTb TpaHClleHeHTHOe ypaBHeHHe “6aslaHca aMIWIMTYQ” OTHOCHTe/bHO 
Bp, MOxcTaBHB B Hero Momy4eHHoe BbIpaxKeHve AA AKTHBHOM MpoBOAMMOCTH Myyka. 
SaTeM CTapTOBbIM TOK ONpememAeTcA no dopmyute: 


Iorapr=Bp“Vo?MeE o Trp? /e (7) : 
BosmMoxKeH TakoKe MeHee CTPOrHH, HO 6oulee HarnagHbIh cnoco6, no3BOAIOWIMA 
M36eKaTb pellleHHA TpaHCWeHAeHTHOFO YpaBHeHHA, HW KOTOPbIM MOXKHO HCMOMb3OBaTb 
AIA TIPeABapHTeJIbHBIX OL[eHOK. Jia ero peasH3all4n HeOOXOAMMO 3apaHee OMpeAeJHTb 
3aBHCHMOCTH 2 OT pasJIMUHbIX MapaMeTpoB myyka WH PP, nocTpouTb cooTBeTcTByIOUlHe 
rpaspHKH, HW, 3afaBUIMCh KaKMM-JIM60 KOHKpeTHbIM 3Ha¥eHHeM gg ompesesHTb 


CTapTOBbIM TOK Mo dbopmyste: 
‘ (8) 


VER Ro 

BHaHO, 4TO YMeHbIIMTb CTapTOBbIi TOK TeHepaliMH MOKHO, yBeMUMBaA 
CONMpOTHBAeHHe CBA3H, MOOpoTHocTb PP u Ao6uBaHch MaKCHMaJIbHOTO 3HaYeHHA Qo. 

Ha puc. 2 un 3 IIpHBeeHbl 3aBHCHMOCTH OTHOCHTeJIbHOH aKTHBHOH 
MpoBoguMocTHu nydka g.U,/1, of COOTHOLIeEHHA Vo/ Vp - | mpu pasmM4nbix qmHHax- PP 
HM TOKaX 9SJIeKTPOHHOTO nyuKa. OtpuuatenbHble sHayenua g,U,/I, cooTBeTCTBYIOT 
OTPHUaTeAbHOH MOWIHOCTH B3aHMOZeKCTBUA MydKa C BOJHOM, TO eCTb B STOM cuTyyae 
MyyoK MepeqaeT aHepruio BoHe. M3 puc. 2 u 3 BuMnHO 4TO- pH Vvo/ vg~l,2+1,5 
MIpOHCXONUT MAKCHMaJIbHO 9ddekTHBHOe ‘Mpeo6pasoBaHve SHeEprHH MydKa B 3HEprHio 
CBU sone. Cootsetctsyloumwe 3HayeHun g,U,/1, 6yayT onpeyenaTb MHHAMaJIbHbIi 
CTapTOBbIM TOK reHepaliMH. SaBHCHMOCTb CTapTOBOrO TOKa reHepallMH AIA OTpeska 
clipasibHoK 3C ynuametpom 30 MM Hw yruiom nombema cnupanu 6,1°, usroroBjeHHoro 
M3 MeHOM MpOBOJOKH, NPH pa3AHYHbIX AIMHAX pe30HaTOpa MpuBemeHa Ha puc. 4. 
BuaHO, YTO yBeJM4eHHe JVIMHbI pesOHaTOpa MPHBOAHT K YMeHbIIeHHIO BeJIHUMHbI 
cTapToBoro TOKa TreHepalldv, MIpHueM CyYyLecTByeT JocTaTOUHO WIMpoKHM HWHTepBas 
COOTHOMIeHHH V,/ Vg, pH KOTOpPbIX CTAaPTOBbIM TOK H3MeHAeCTCA CpaBHHTeJIbHO MaJio. 


I 


cTptT — 
8.7m 
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IV. Sakmouenne 
: TipeqnoweHHbIH cnoco6 ompeneneHua ycOoBHA reHepauHH B PP ¢c MOMOLIbIO 
SKBHBaJICHTHOTO KOHTYpa, Harpy2XeHHoro 3JICKTPOHHLIM ITy4KOM, MO3BOUAeT 
CPaBHHTeIbHO MpOCcTO OMMCaTb Mpollecc BOSHHKHOBEHUA AaBTOKOMeOAaHHH B KOPOTKHX 
OTpe3KaX 3aMeNIAIOWIHX CTPyKTYp C OTPaxXalwllMMH 9eMeHTaMH Ha KOHUaxX B 
JIMHEHHOM pe>KHMe. 


V. Upunoxenne 
TlepemenHasd CocTaBJIAIOllad MIOTHOCTH TOKa My4Ka: 
= Zi%(By) + Zi°(-By) + PHF (ZiBo) - Zi(-By) 
TlepemenHas cocTaBJImwolllad CKOpOocTH My4Ka: 
; B. 1.0 ; ~IBez 4 AE g 
V, =| jJoe—sin B,Z — V9 cos B,z | - e77Ps ZV ~ ZV 
E a Bp ¢ COS By A ae ~{ (Bx) (-By) 


AKTUBHad PG EOINOCE: nmyuka B PP: 


2 
b. -£( 5 B t {Z0(Bs) + Zeo(-Bo)} + oP p(t) 'Z7p(8,) + Ze(-Bs) 





Uo Be 


PeaxTHBHaar DpOROAMMOGT? myuka B pp. 


b, = S(£) {Zbo (By) + aia to Ja Be (BY {Zb(B,) + Zb(-B,)} 


Uy B 
re Zi°(x) = aes ~j(Be-x)z Zi(x) = iB. - — - eo, + Bsin Bz. 
» = Be —x)eos pz - eH] + Bsin Bz. ao 
ZV(X) = RY a (p, _ x)’ Z{x) = t. : xy 


Zgo(x) = Zi) AC) Inn) ope Im.) ' BCX) Reino) py ts sn 


—- KX» 


b| 








Zg(x) = Z*(x)A(X)3. A(x) = [1 — cosamcos am Be 5 *) B(x) = cos mm sin xm Be 


Zb9(x) = 21%} AC) ReCin) + py Be = Re(v.0)| ' BQ) Imi.) + py Be = Am(v.0) 


m=BL/x, m=1,2,3... - GHco MOWyBONH, YKapbIBalolulnxca Ha AMHe PP. 
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Puce la 


SaBHCHMOCTb OTHOCUMTebHOM AKTHBHOL 
NPOBOAHMOCTH SJIeEKTPOHHOrO TlyukKa B 
pactipeyeseHHOM pe3oHaTope OT 

OTHOIMEHHA CKOpOCTH Ny4kKa K *asoBon 
CKOPOCTH IIpH pa3IMUHbIX TOKaX Iyuka 


OTHOCHTCILH&ada AKTHBHAA HUpBORH MOCTB 


CrapTopn i Tox, A 


m=] 





(Ve/Vf- 1) 
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SaBHCHMOCTb cTapToBoro ToKa 
CaMOBOSOyKeEHHA CIHpasIbHoro 
pe30HaTOpa OT COOTHOLIeHHA CKOpocTH 
nmyuka W cbasoBow ckopocTv pH 
Pa3JIM4HbIX JJIMHaX pe3soHaTopa. 
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SaBHCHMOCTb OTHOCHTEJIbHOM aKTHBHOH 
MPpOBOZHMOCTH SJIEKTPOHHOLO Ty4ka B 
pacripefeeHHOM pe3oHaTope B 
3aBHCHMOCTH OT OTHOIeHHA CKOpocTH 
mydka 4 tba3s0BoH cKopocTH Mmpv 
Pa3JIHYHbIX AJIMHaxX pesonaTopa. 
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GENERATION CONDITIONS OF RF WAVES IN 
HELIX DISTRIBUTED RESONATOR 


Lipatov A.F., Profe V.B. 
RFNC - RSRIEP 
Sarov-607190, Russia 
E-mail profe@CB2.RFNC.NNOV.RU 


Conditions of occurence of RF-generation and main parameters 
of a mode of this generation in a distributed resonator on the 
base of a section of helix waveguide, dived through by electron 
beam, are considered. A starting current of generation, phase 
conditions of self-excitations, amplitude of RF waves in 
stationary mode in the resonator and electron efficiency of a 
similar generations are determined. 
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THE CALCULATION OF ENERGY CHARACTERISTICS OF RADIATORS 

UNDER MULTILAYERED DIELECTRIC RANDOMS WITH VARIOUS GEOMETRY 

V.V. Bodrov, I.V. Sourkova, V.I. Sourkov 
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NARROW ELECTROMAGNETIC PULSE DIFFRACTION BY SLOT 

A.M. Lerer, Yu.M. Noykin, S.M. Tsvetkovskaya 


The problem is reduced to the solution of integral and integro-differential equations. To solve these equations the using of 
Galerkin method both with respect to space coordinate x and with respect to time t, is proposed. On x the basic functions 
are chosen in the terms of weighted Chebyshev polynomials which describe correctly behaviour of electromagnetic fields 
near to metal edges. On t the basic functions are chosen in the terms of weighted Hermite polynominals. The using of 
Galerkin method leads to the solving of sets of linear algebraic equations (SLAE) of the second kind with fast convergence. 
All matrix elements of SLAE are obtained in an analytical form. Due to that computation on personal computer takes 
fractions of a second. The work contains computed results of fields diffracted by a slot for EMP with a duration up to two 
picoseconds. The solution of these key problems permits to construct effective numerical-analytical algorithms of 
mathematical modelling of EMP diffraction by complex cylinders with edges, by numerious discontinuities in rectangular 
waveguides, as well as EMP distribution in planar transmission fines. 





VCCnEAOBAHUME CNOMHbIX BONHOBEAYLUIUX CTPYKTYP METOQOM NONYOBPALUEHUA 
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RESEARCH OF MICROWAVE COMPLEX WAVEGUIDE STRUCTURES “e 

BY A METHOD OF THE SEMI-INVERSION 

|.V. Donets, A.M. Lerer, S.M. Tsvetkovskaya 


In this work the new rigorous electrodynamic method of the analysis of microwave structures with non-coordinate cross- 
section form is developed. The method is based on an inversion of the main singular part of an operator equation. It is 
reached using the Galerkin method with the basis functions being the eigenfunctions of the boundary value problem of 
electromagnetic waves diffraction by a circular cylinder. Wide class of microwave devices containing cylinders of complex 
cross section is analysed (the characteristics of elliptical, cross-shaped, rectangular with round edges, trapezoidal with 
curved slant cylinders which are used as a conductor of strip (non-symmetrical strip) lines, as inductive and capacitive 
diaphragms and posts in rectangular waveguide, as grounding posts in strip and microstrip lines and transitions between 
rectangular waveguides, are obtained). Cylinders are either perfectly conducting or impedant with linear or nonlinear 
impedance. The method is generalized on three-dimensional structures. 


MHOrOCNOMHbIE NOMNOLWAIOLUME CTPYKTYPbI 

0.C. OcTpoBcKuH, A.C. Copona, A.A, LUIMATBKO...........:cccsssrscccccccarsssesecccecencessonsneccscesneusnseceeeeesaseusensesnsssseusensauseens 384 
MULTILAYER ABSORB STRUCTURES 

O. Ostrovsky, A. Soroka, A. Shmat’ko 


Marepuaant 6-4 Memaynapognot Agamckalt axponoanonoh Rondepenynn AewrHaRo'G6. 16-19 centa6ps 1996 r., Cesacronorn, Kpnim, Yepanna 3 
Proceedings of 6th International Z:amean “Microwave Ganterence Ceevt42a'96. 16-19 September 1996, Sevastapal, Crimea, Ukraine 63 





ONEPATOPHbIN METOX B 3ADAYE DV@PAKLINVK ONEKTPOMALHUTHBIX BONH HA 
NONYBECKOHEYHOXK CUCTEME JVAMPATM B NPAMOYTONBHOM BONHOBOAE 

Saiz PUOW SD CUMIA sac cisgsdaascusnsisseesezancnskeayeanesaueveieu tive aainesasesumtucwasdasencis vas Sunaessoee neu useneda es deansi uaausecavinsoduensesueveueneiealdesseatin ses 387 
OPERATOR METHOD IN PROBLEM OF EM WAVES DIFFRACTION ON SEMI-INFINITE 

DIAPHRAGMS SYSTEM IN RECTANGULAR WAVEGUIDE 

S.A. Pogarsky 


BOSBYKIEHVE MHOTOMOAOBbIX PESOHATOPOB CAHTHMETPOBOTO DUANA3OHA BONH 

C.A. Norapcknii, A.A. 3aarnnyes, V.U. Canppixun, E.A. Waynoe, 6.01. TpydbaHo..........ccccscsscssessnsenscrsvenes 390 
MULTIMODE MICROWAVE RESONATORS EXCITING 

S.A. Pogarsky, A.A. Zvjagintsev, I.1. Saprykin, E.A. Shaufov, B.D. Trufanov 


B3AMUMOEKCTBUE BONHOBOMHbIX U3AYYATENEN B PEWETKE, 

PACTIONOMKEHHOKW HA FPAHY BECKOHEYHOFO KNMHA 

IN TAA cock soe nce cs Sakae sar sesso cases east cae iw sks oa sah ouca ceeucama was acon ova caucus udauasd dv anuaaa codeine nal atasadaaceaedausaeeseuesio’s 393 
INTERACTION OF WAVEGUIDE RADIATORS IN THE GRATING 

DISPOSED ON THE SIDE OF INFINITE WEDGE 

E.M. Privalov 


VCCNEHOBAHMA FOoneEuv BBNU3U KAYCTUKK 

FLA a 25 1 [|= nese Sow a Es a CEC Te Eo ROTOR Seen PP Ee 395 
NEAR CAUSTIC FIELDS INVESTIGATIONS 

|.P. Kozlov 


BOSMYLWEHUA B CPEQHELUMPOTHOK D-OBNACTU MOHOC®@EPbI 

BO BPEMA MArTHUYTHbIX BYP K CONHEYHbIX BCIbILUEK 

PLMs-POKOB. OO: CID HOB sass sive cies as eco taceten ste aces cnseabesaeetcawacateesetseconccuslucccevscacccsuevaccteweasacsoudesteaewossendaiedsaucasuecvuccuse 398 
DISTURBANCES IN MIDMULTITUDINAL IONOSPHERIC D-REGION | 

DURING MAGNETIC STORMS AND SOLAR FLARES 

A.M. Gokov, O.F. Tyrnov 


ONYKTYALUY TEMNEPATYPbI AHTEHHbI, OBYCNOBNEHHbIE 

BCHIECKAMU REUUMETPOBOTO CNOPAAWUYECKOIO PAQUOU3SNYYEHMA 

CPEQHELUMPOTHOU VOHOCMEPBbI 

UU. Kanannn, B.T. PosymMeHko, O.. TRIpHOB..........cccscsccsesscsssesseresecreneesunsseceseccevenersseuscussensanesenceesaeseusnaseaseenseees 401 
ANTENNA TEMPERATURE FLUCTUATIONS DUE TO SPORADIC BURSTS 

OF DECIMETER RADIO EMISSION FROM THE MIDLATITUDE IONOSPHERE 

IJ. Kapanin, V.T. Rozumenko, O.F. Tyrnov 
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Recently the interests to analyzing of physical processes, leading to a generation of signals having ultrawide spectra have 
increased. This is caused by creation of analyzing methods and by the increasing of numerical experiment capabilities. 
Meteor fluxes which, entering the Earth’s ionosphere, create geomagnetic field oscillations; the electromagnetic radiation 
created by thunderstorms and propagated as whistlers in the ionosphere and magnetosphere, and other factors can be 
considered as the examples of the discussed phenornena. A general peculiarity of such signals propagation is their 
dispersion distorsion. The results of numerical calculations of electromagnetic and infrasonic signa! dispersion distorsions 
using our specific software were described in this paper. 
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PACYET IHEPTETHYECKHX XAPAKTEPHCTUK H3/1Y VATEIEN, 
PACHOJIO2KEHHBIX HOA MHOPOCTOHHBIMH H2J1EKTPHYECKHMH 
YKPhITHAMH PAZTIHYHOK KOH@HTYPAUHR 


B.B.boodpes, 1.B.Cypxoea, B.H.Cypxoe 
Mockoecruti Quepeemureckul uucmumym (Texnuueckui Yuueepcumem) 
| 111250 Mocxéa 
Kpacnoxasapmennas, 14, AY u PPB MOH. ®axc 095-362-89-38 


AHHOTAILMA 


B pa3myuHbix o0acTax payHOoeKTPOHHKH, B 4YaACTHOCTH, B panMonoKalu 
BOSHHKACT 3aa4a alCKBaTHOrO OMMCaHHA B3IaMMOeCHCTBUA 5ACKTPOMAlHHTHOTO M3TyyaTesA 
C MoNeKTpuyeckHM TeNOM. PadoTta MocBaIIeHa CO3aHHIO MaTeMaTHYeCKOH MOeIM 
H3JIyCHHA AaHTCHH C Y4CTOM BIIMAHHA MHOTOCONHBIX MSNCKTPHIECKHX YKPBITHH TWIOCKOI, 
cepyeckoli w WusMEpHieckoli dopmsr. UAcnomp3yrotca MeToOybI pacuera JHepreruyecKHXx 
XAaPaKTEPpHCTHK, OCHOBaHHBIe Ha pa3spadoTaHHOM paHee CTporoM 31eKTPOAMHAMHYeCKOM 
pellcHHi TpaHHIHblXx 3afad C aekBaTHbIM ONHCaHHeM TIpOleccoB NOTNOMIeHHA, OTPAKeHHA 
H udpakyuH B cHCTeMe w3IydaTemb - gMoNeKTpHyecKoe Teno. OcoOeHHOCTBIO 
peqwaracMoro MCTONa ABIIACTCH PACCMOTPeHHE He TONIBKO MOJIcH, HO HW MOTOKOB 39HeEprHun 
yuepes Tpanhuy pa3syea DMNeKTPH4eCKUX Cpe, ITO MO3BOAeT Wath IdeKTHBHOe WIA 
pacueToB MpeqCTaBIeHHe TakHx xXapakTepHCTMK Kak cCOmpoTHBIeHue u3nyaenna, KIT] u 
MOIWIHOCTH, BbICACMON B Harpy3ke. 


L BBEXEHHE 


[Ipu pacnonoxenwu u3iryyaTeneli paOM C JMOJIEKTpHYeCKHM TeOM BO3HHKaeT He 
TOJIbKO XOPOUIO HMCCJICqOBaHHaA 3afadya pacdetTa BIIMAHHA AWOICKTPH4eECKOTO Tena Ha 
qMarpaMMy HalipaBICHHOCTH, HO M 3amaya pacueTa erO BIMAHHA Ha COMPOTHBIeHHe 
M3Ny4cHHA HW BXOHOS CONpOTHBIIeHHe. Ecnm nocnequas 3aqa4a Tpe6yeT TOBONbHO OONBIIAX 
BbIYMCIIMTCNBHBIX 3aTpaT, TO OL[CHKA BIMAHMA AMONICKTpH4YecKOrO Tena Ha COMpPOTHBIeHHE 
H3JIyICHHA, a TalOKe pacueT TOTePb B AHONCKTPHYECKOM TesIe MOKeT OBITS TIPOBeAeCH 0 
3aNaHHOMYy PpaClIpeycsIecHHIO TOKOB, OMMpasch Ha TOUHOE pellicHHe COOTBCTCTBYHOIICH 
rpaHWqHow 3ayaqH. Hwxe npwBoaTcs MeToaMKa pacueTa yKa3aHHbIxX xapaKTepHcTHuK JA 
MLIOCKOCAOHCTON, WWIMHAPHYeCKH MW CipepH4ecKkH CHOuCTOH Cpey c HoTepsmu. Mcnom3yerca 
CHMHbIM MOAXOR, pH KOTOPpOM NO KOOpyMHaTe MapaembHOl kK rpaHMe pasyena 
VcHOub3yeTca WpeyCcTassenve Dypbe, a NO HOPMaIIbHOM - mperctapresue Komm,. Pacyer 
HeEOOXOAMMBIX NOTOKOB MOLIHOCTH OCYLIECTBINeTCA He Yepe3 COCTABIAIONIME NMOJIA, a Yepe3 
WX CICKTPHI, ITO MO3BONACT B ABHOH (OpMe 3anHcaTb OKOHYATEIIBHOE BbIPAKEHHE. 


If, OCHOBHAS! GACTb 


Ha Puc. 1-3 u300paxena reomeTpHa paccMaTpuBaeMbIx 3anay. CroponHHe ucTOuHMKY 
J" pacnowokeHbI MO WMOIeKTpH4eCKHMH CIOAMM COOTBETCTBEHHO TIIOCKOi, 
IMIMHIpHAecKoH w cciepwyeckoH dopmpr. byyqem wHTepecoBaTBCA MOTOKaMH MOLUHOCTH 
yepe3 ceyenna Z;, 7, HR; : 


P= [[77,ds (1) 
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1. PACYET HOTOKA MOIJHOCTH B IWIOCKOCJIONCTOH CTPYKTYPE. 
3armmiuem Z-yiO COCTaBJIAIOUIyIO BeKTOpa Ilowrnura : 
[1,=1/2 Re [E, Hy -E, Hy J (2) 
Togctapnad B (1) u (2) HsBeCTHOe pa3zIOKeHVe COCTABNAOINMX None B MHTerpan Pypbe To 
KoopmuHatam X ,Y [1] 4 MeHaa MOpsaOK MHTErPRPOBaHHA MOKHO BLIYHMCIMTb MATCrpasibl 
no 39THM KOopaHHatam . I]pu 3TOM B BHIPAKCHHA JIA TOTOKA MOLIHOCTH BME€CTO 
COCTABIAIOMAX Nose GyLyT COMepKATECA MX CIICKTpH! ey, Hh, y: 


ao Z oe 
P, = 2n’ Re |(e.h,*-e,h,*) dan (3) 
2}; 
Buipaxkas CleKTpbI Hone 4epes o6oOuleHHBIe TOKH HW HanpsKenMa [2] HoMyaHM: 
P,=29 Re [J k?(U97? *4UI"*) dédn (4), re k= 1’ + & 
537) 


@opmyria (4) nO3BOMAeT PACCYMTHIBATh HOTOKH MOUIHOCTH B J000M ceyeHHH Zj. 

BunHo, ITO Bal B pe3sybTApyloMM NOTOK BHOCAT KaK 9NeKTpHsecKoe Mone (1-0e 
cjlaraemoe), TaK H MarHuTHoe (2-e ciraraemoe). 

PaccMoTpuM MOTOK MOWHOCTH Yepe3 ceyeHHe Z, Puc.1 ana WByx ciryuaes : k< k 4, k>k , 
Pemenue yaa UP , J? peeene eee Oe ooslacTH 3anlMileTca [2]: 

UP =U," (e% + ofe”) . rie p’- Kosdunment orpaxenua, y =k? -k’ 

J = U®/w? rae W"- BonHoBoe conpoTuBsenue cpembl, B=9,M. 

Dik<ko,¥=1 : - ees BeIMYHHA, W?. neficrpuTenbHas 


P,=2n ‘fur Ses rel ( -lp\)+ Lean -p" "haga (5) 


2) k>k ,, y - HelicrBuTebHad BEIMIMHA, W? = ix? - mummas BenWauHa. 


: U, 

















uals imp" yin) 


Henspectupre Kooddunnents: U, OmpeyenatOTCA XOPOUIO H3BCCTHBIMM MeTOaMH HO 
3aaHHbIM TOKaM, OHM He 3aBHCAT OT KOOPAHHaTH Z, CIEHOBATeIIbHO, HU TOTOK MOLIHOCTH 
yepe3 MOBEPXHOCTb, HPOXOALUTy1O 0 cpeye Oe3 HOTepb, He 3aBHCHT OT KOOPAMHATHI Zz. 

2. PACYUET TIOTOKA MOLWHOCTH B WWJIMHAPHGIECKH CJIOMCTOK 
| CTPYKTYPE. 
B WHIMHApH4ecKOM cnyyae Hac MHTepecyer T-as COCTABIINOMNAA Bektopa Ilovrunra: 
I]=1/2 Re [Ey H, -E, Hg "] (7) 

Tlonctrapaa B (1) u (7) W3BECTHOE pa3zOXKeHHe COCTABILAIOLUMX Nose B MHTerpas Dypse To 
Koopaunate Z u B ps Dypse mo KoopauHate @ [1] w uctionb3ys Teopemy Ilnanmepens [4], 
BMeCTO HHTerpayia OT MpOW3BeqeHHA KOMIMJICKCHO-COmpsKeHHbIX ~ <pyHKuMH = B 
IpOCcTpaHCTBeHHOM OGaCTH NONYYMM MHTerpas OT NPOUsBeeHHA CHIEKTPOB STHX PyHKUMH. 
B nOy4eHHOM BbIPMKCHUH [Jit MOTOKAa MOIHOCTH P, OyAyT COMepKAaTbCA CHEKTPBI Cy Nox 
COCTABJIAFOINMX MOEN: 


P,= 20 Re >,| (CMe, *-ConMn®) 4X (8) 
2 


VuvTEIBAT CBA3b MOY CHeKTPabHEIMM COCTAaBNAIOUIMMH Kosei [2], BbIPasHM Cy H ho 
yepes €, Hh, : 


d 
9 n Re Es Cae oh e 2 1 dea e+) ray (9), 


2 5 | 
+In(p |+ 


re y =k’ - y? We ‘CA - BOJIHOBOC COMPOTHBIICHHE. 
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PaccMOTpHM NOTOK MOUIHOCTH Yepe3 ceyeHHe 1, Puc.2. Pemenne auddepentmanbyoro 
ypaBHeHHa It e, Mw h, CNeKTpalbHbIxX IMNOTHOCTei KOMMOCHeCHT TOMA BHYTpH 
UAIMHIPHYecKoro cod 3aruinetcs [2]: 


on i J,H (wr) + J,HO (yr) 
(2) (1) (10) , 
Con = Uni, (7) +U_H! (yr) 
rye J, ,u U,, ,~ M3BCCTHBIe 43 pellleHHa TpanH4Hol 3aqauH KOIMpUuLMeHTHI , He 3aBUCATHe 


or koopamnarsi r, A?) - @ymnuun XauKena 1-oro n 2-oro poma. 


Cienyer paccmatpuBats apa ciysas : |\y\/< k , |y| >k. 
1) |x|< k, , y - meficTBuresbHas BeHaHHA . 

PaccMarpHBad OTeIbHO Ba ClaraeMbix B BbIpaKeHHH (9) uw NOCTaBIaa B HHX 
3allMCaHHBIe BbIINIe PeCIIeCHUA WA ClIeKTpoB e, uh, , noche paya npeoOpazso0BaHHii MOKHO 
TONVUMTS : 


Pan ak Sf (Hm ‘\a (wu, 


2) |x| >k, y = -1 h - MuwMas Berwa4Ha, nogTOMy apryMeHT dbyHKuMii XanKena craHoButcsa 
MHHMMBIM H CJleylyeT TepevitH K MOZMuuUMpoBaHHbIM byHKuuaM Beccensa K, u I,. Ipu 
STOM pellicnHn Wu@iPepenuHabHOTO ypaBHeHHA JIA CHeKTPOB e, 4h, (11) 3anmurytes: 


hy, =U)", ~ J), (or) +", 1, (07) 


eon = Ui)" LU, ~U, Klar) +(-D" UL (an) 


HloqcTabias 3TH peneHHs B BbIpaxkeHue (10) H npousBOAA HecOKHBEIe MpeoOpasoBaHng, 
TOJTYUMM : 


P,= 8 >-[(-1)" (Wey, +R, | dy (13), 
ny y 


Zz 


poles 





Foal 


0 

















‘) dy (11) 


WwW 


rae BBE eHO OOO3sHaueHHe 

R,, = ReU, *(U, - u,)h = Rel J, *(U, - J,)| -  compoTuBnenve v3iyyeHus 
COOTBETCTBCHHO Aa Tose Tuna E w H. 

M3 dopmys (11), (13) cmegyet, aro NoTOK MOLIHOCTH Yepe3 NOBEPXHOCTh, MpOXoALy10 
no cpeze 6e3 oTepb, He 3ABMCHT OT KOOPAHHATEI Ff. 

3. PACYET NOTOKA MOIJHOCTH B COEPHYECKH- CSOMCTOM 
CTPYKTYPE. 

Ilorok 391€KTpOMarHHTHOK sHepruu depe3 cibepy panuyca R Haxogutca no dopmyne (1) 
C YACTOM BLIPMKeHHA Wit R- off coctaBarouyeh BexTopa [lo#iTunra: 

Tlp= 1/2 Re [Eg Hy -Ey He | (14) 
Ecam , Kak 9To cyenano B [3], BBeCTH CKaapHte noTeHIMan D°™ yw YOM y y4eCcTh, 4TO 
OHH BbIpMKaoTch pswamMA mo coOcrBeHHbIM dbyHKumam T= ec"? P™(cos@), To 
TAHTeCHUMasIbHbIC KOMNOHCHTH! MONA BIPAKAIOTCA YEPe3 CLICKTPbI BBCCHHBIX MOTEHILMAJIOB : 


E t = ify Cham a > Os Fa 


; non nen (1 5) : 
ae: M =. 
H, = R (S: 5 ee a7 ~ ee my . 
n,m nn 
Em Tm OOPASYIOT IOJIHYIO OPTOPOHAJIbHY!O CHCTeMy COOCTBEHHBIX BEKTOPHBIX dbyHKuHii [5] 
WM MMEIOT BHI: 
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al 1 dT 





jo. ee 
mn d 0 0 F ey: do ?, ; 
al i Ln Ay ALi r= ( ), 


F272 


~ sind dp ° dé one 
rie O.ug, - ChMHM4AbIe OPTI B CbepHyueckol cucteme KoopaMHaT. Ilocne NoxcTaHoBku (16) 
B (14) ¢ yaeTom cBolicTs OproroHasIbHOCTH BCKTOPHEIX PyHkuHH [5] MooxkKHO TOYaMTB: 
ay? 1 Le SN n(n—1)(n+m)! 
P,=27Re ) i — jet Wi” ya | 17). rae 2s 7S an 
2 On dp Hm W dp tT ( ), wi oe ? 7} at 1 ( n ot my)! 


o=kR, k - BomHOoBoe uuciO, W - BOHOBOe CONPOTHBIICHHe CperBI,. 

Kak MB TpempIyuux riapax, paccMaTpaBaem ciyyaii, Kora cbepuyeckad MOBepXHOCTh, 
yepe3 KOTOPyIO NpOXOAHT NOTOK sHeprHu pacriomoKeHa B OONACTH, rye CyulecTByeT 
oTpaxkenHad Bosna (Puc.3). Pemenne quddepenunanbHoro ypaBHeHHA MIA OOOOMICHHBIX 
TOKOB HM HallpspKeHHH 34ech OyneT uMeTS BH [4]: 


es = Uy 6, (0) + Uon(p) 
Jim = J 6(P) + Jon(p) 


rie 0 7 UJ 7 o- AMMIMTYEbI, KOTOPble HaXONATCA U3 PeLIeHHA COOTBETCTBYIONICH rpaHH4Holi 








(18), 


3a1a4v 110 3a]jaHHbIM TOKaM, & U7, - chepHyueckue PyHkuun [5]. 
Tloncrapnsas (18) 8 (17) 4 npon3BO_a HecnoxKHBIe NpeoOpa3z0BaHHA, MOITY4UM ° 


Py=22LOm{WIal? +2 1aF -Wirel - pl? f 09) 


yim 


V3 aHanv3a Bbipaxenua (19) cienyeT, 4TO, KaK HW B cHydae MIOCKOCMOMCTOH Hi 
IIMIMHIpHYecKH ConcTOH cpel, NepeHOCcuMas 9HeprHA He 3aBMCHT OT paccTosHHa R B 


cpee 0e3 moTepb. 
I. 3AKJIIOURHHE 


OcHOBHOe JOCTOMHCTBO MpesaraeMol MeTOAMKH COCTOHT B TOM, HTO OHA TNO3BOJET 
onpeleisth KaK NOTOKH MOUIHOCTH B CTOpOHY MoromaroueH Harpy3ku, Tak H MOUIHOCTb 
H3JTyY4eHHA H MOMM[HOCTh TMOTepb B AMOJICKTPHKe, 4TO, B CBOIO ONEPeAb, MO3BONACT 
paccuHTaTb CYMMapHoe aKTHBHOe conpoTHBeHHe u KoSpPulMeHT MowesHOrO ACHCTBHA 
(KTT]). K npeumyniecteam MeToquKn ciezyeT TaKKe OTHECTH TOT PaKT, YTO OHA MOSBONACT 
HCHONb30bATS Pe3yIbTATbI 13 KNACCHYECKUX PCMICHH COOTBETCTBYIONIMX PpaHH4HEIX 3aa4 
[1]. 
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THE CALCULATION OF ENERGY CHARACTERISTICS OF RADIATORS LOCATED UNDER 
MULTILAYERED DIELECTRIC RANDOMS OF VARIOUS GEOMETRY 


Bodrov V.V., Sourkova I.V., Sourkov V.1. 
Moscow Power Engineering Institute (Technical University) 
14 Krasnokazarmennaya St., Moscow-111250, Russia 
fax 095-362-89-38 


A problem of adequate description of electromagnetic radiator interaction with dielectric body arises in a number of radioelectronic 
branches and, in particular, in radar technics. The mathematical model elaboration for the antenna radiation taking into account the 
influence of multilayered randoms with plane, spheric and cylindric geometry is considered. Methods of energy characteristics 
based on rigorous electrodynamic boundary problems solution with adequate description of absorption, reflection and diffraction 
processes in the system “radiator-dielectric body” are used. The peculiarity of the presented method is consideration of energy 
flows through dielectric media boundary in addition to the field components. This procedure allows to get convenient representation 
of antenna radiation resistance, efficiency and power of thermal losses in a load. 
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MATEMATH4YECKASA MOJEJIb YCTPOMCTBA 
JJ TIPEOBP ASOBAHUA CBY SHEP HH B TETLIO 
AJL AHATPEBA JIMOJIEKTPHYECKON IWIACTHHBI 


QO. B. Uepuosa, B. B. Bogzpor 
Mockosckuit QuepreTuyeckuit uucTuryr (Texnnueckuis YuuBepcntet) 
111250, Mocxsa, Kpacnoxa3apmeunaa, !4, AY u PPB MOU. 
Daxc 095-362-89-38 


AHNHOTauHA 
B aHHOM OKHaye paccMaTpHBaerca MaTeMaTHueCcKad MOZeNb HBYMepHOro 
ycTpolictBa, paOoraromero B CBU qnana30He M MpenHa3HayeHHoro A HarpeBaHua 
MIOCKOrO COA MM3BeKTpHKa. KpaTKo omnncaH MeTOR, MACHONb30BAaHHbI ms 
HAaXOKTCHHA IEKTPOMATHUTHbIX Noe B paccMaTpuBaemoli cucreme. IIpuBenenst 
HEKOTOPbIle pe3yIbTAaTh! pacueTa NP Pa3sHbix NOMAPH3AUMAX Mayaroujero nons. 


I. Baexenne 

PaccmaTpHBaemMad B Okage MaTemaTHYecKaa MOnenb CBU mpeoOpa3onarTens 
3UEKTPOMA@lHHTHOU SHEPrHu B TeMNOBy!O, Ha MpakTHKe MOXxeT GbITD NpeqHa3HayeHa, 
TaBHbIM OOpa30M, Is HarpeBa OOBIX MaTepHanoB, O6mamarollux cBOiiCTBaMH 
mMonexTpuka. Hanpumep, cucreMa MOXeT CIYKUTb IA MpOcyuIKH peBecuHEl, 
HarpeBaHvaA  KMAKOCTeH TO HYKHOM TemmepaTypbl uw T.o. Ha camom serie, 
WemecooOpa3sHO UCMOMb3OBaTb PAT MOZOOHEIX HarpeBaTesbHbIxX KaMep, COCAMHCHHBIX 
pyr c Wpyrom MmocwyeqoBaTenbyo. 


Ii. Ochosnaa yacth | 

OnvicaHHad B WaHHOM OKNaze MOnenb Ona TpanctbopmMauun CBU suepruu B 
TeMMOByIO MOKa3aHa Ha pue. |. Monenb Bkmrouaer B ceOs OCHOBHYIO Kamepy, 
MpCCTaBIAIOWIyIO COOOH MpAMOYrOJIbHbIM BOMHOBOA C HealbHO MmpoBORALMMU 
MeTasIIMYeCCKHMH CTCHKaMH,  cOfepxKalijMH BCTaBKy B BHNe OHOpPORHO! 
MMIEKTPHIECKON NWaCTHHbI C MOTepAMH C 3a]aHHOW KOMMIeKCHOM AMoneKTpHyecKol 
NPOHHWaeMOcThIO. OCHOBHas 3azja4a COCTOMT B PaBHOMepHOM HU 3acp(beKTMBHOM HarpeBa 
39TOK BCTaBKu. 

CBU o9Heprua moctynmaerT B HarpepaTenbHyro KamMepy moO MMTarOUIMM 
BOJHOBOAaM, MIPHCOCHMHCHHbIM K ee OCHOBaHHIO. Bo36yxmeHHe OcyLecTBaerca 
MIOCKHM NON€M C ABYMA THMAaMH MONApH3ayHi: MoMmepeyHou, T. e. BeKTOp 


IHEKTPHYECKOLO MONA UMCCT COCTABIIAIOLILYIO E y H Npowonbuol c cocrasnsaromen ve 


B cucreme TakKxKe MpeycCMOTpeHb! TexHOsOrMuecKue OTBeEpCTHA B G6OKOBBIX 
SKPaHMPOBAHHbiX CTCHKAX, CY KAaUMe WIA BBOMa-BLIBOMA TMONICKTPHYeCKOM WAacTHHB. 
Hamwuue sTux oTBepcrul Beger K HeOOxogUMOCTH pa3paOoTKH MeTOMOB yueTa x 
NOWaBIeHHuA Napa3suTHOro MNOJA W3ITYYeHHA. 

PeleHwe NOCTaBIeHHOM 3SyIeKTPONMHAMMYeCKON 3ana4uM OCYLIeCTBIANOCE 
MCTOOM AeseHHA CHCTEMbI Ha MpPOCTbIe OOAaCTH MyTeM 3aMeHbI BCeX OTBEPCTHH ByMA 
MpOTHBOa3HbIMH JIMCTAaMH MOBeEPXHOCTHOrO MAaLrHHTHOrTO TOKa Cc MeTamIMuecKol 
MICHKOHW MeKTY HHMH. IInOTHOCTh pacnpememeHua 9TOrO MarHHTHOrO TOKa 


onpeyensetca nonem & 8 orsepcrun: 
Juazen.=[E*n] (1) 


rye AM - HOpMasib K MOBEPXHOCTH 3IKpana, HalpaBeHHad B OLHY HIM Bpyryro oOnacTu 
OTHOCHTECJIbHO MeN. 
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Takum o6pa3om, Opin momyyeH pay npocTelx OGmacreii, B TOM uUcTeE CTPyKTYp c 
MHOCKOCHOWCTBIM 3allOJIHeHHeM. B 3THx o6slacTaxX 93eKTPOMAarHUTHBIe oss 
BO3OyKTAaOTCA CTOPOHHUMUM HCTOUHMKAMN B BHC MAarHUTHbIX TOKOB. Pacripenenenue 
STMX MATHHTHBIX TOKOB HpekcTaBiaim B Bune O- oOpa3Hoit PYHKUMU B OZHOM 
HampaBieHHH WM CYMMbl TrapMOHHYeCKHX yHKUHH B gpyrom. Hanpumep, ana 
MCTOMHMKA, CBASBIBAIOMIElO NHTAOWIM BOMHOBO] M KaMepy MIOTHOCTS pacnpenenenna 


TOKA ONIPCAeIAeTCA B 3ABMCMMOCTH OT NOMApH3aLHM MONA E 3 OTBeEpcTHuN, Tak JIA 
NONMepeyHOH NOMApPH3aMU: 


M MT 
5 ie (x,y,z) = 6(z)> A, COS <n _ I) (2) 
I — | 
m ps ] 
AIA NpOHOWSHOR: 
M mT 
Jy (x,y,z) = 8(z)>. Ay SIV reer hg = If) (3) 
m 2° el 
rye Ay) - HCHM3BCCTHbIC AMIMUINTYbI TADMOHHK TOKA, 
L; u l, - KOOpAHHaTbl AMadparmbl MexTyY BO30yXx*XTaIKOWIMM MM OCHOBHBIM 
BOJIHOBO]IaMH. 


KosMm4ecTBO rapMOHHK BbIGUpAaeTCA B 3AaBHCHMOCTH OT 2KemaeMol TOUHOCTH pemlenua 
3aaun. 


Takum oOpa30m, OcHOBHad 3aa4ua COCTOsIa B HaxXOXKJCHHM 9IeKTPOMAarHUTHBIX 
NONeM, CO3TaHHbIX CTOPOHHAMM MCTO“UHHKaMM MarHWTHOTO TOKa B CTpyKTypax c 
NMOCKOCHOHCTBIM 3&@IOJIHCHHeM, KOTOPbIMH ABIIAIOTCA OCHOBHad HarpeBatebyas 
KaMepa, TEXHOJOTHYSCKHE OTBCTBICHHA, a TAaKKe OO6acTH 3a Npeyenamu cuctempl. Jina 
PewleHHA STOW 3ayja4M B ypaBHeHua Maxcsenna OpuiM BBeqeHbI MOTeHWMabI Jle6aa, ¥TO 
NO3BONMIO NOWTYYATh TBC H€3aBHCHMbie CHCTeMbI, OTACUbHO OMMChIBaIOlIMe MOA THN 


E « tuna HB a0nx cucremax sce BeJIMUMHBI, 4 MMCHHO, NOUA, MOoTeHUMaNbl Jle6aa vu 
PyHkiMM paciipeyeweHus cTOpoHHUx MCTOUHUKOB 6BIIM IIpeACTaBNeHbl B BUTE 
MHTerpasion Dypbe Mo mepemeHHOH X vu psayos no nepemenHoit y.T. e. Bce BemMU4nHbI 


PacCMaTPHBasINCh B BUTTE UX CHOEKTPOB, HallpHMep: 
E,.(x,y,z) = | (kK, K,,z)e * sin(k ,y) (4) 
K,K, 
~ (x,y, z) = | >» Ee (K,,«,,z)e* * sin(k ,y) (5) 
kK, « | - 


rire €,(K),K,,zZ)- CHeKTp MOU jee 
pe (x, y, z) ~ moTenynan Jle6aa, 


iD e 
U (K1,«,,Z) - cCMexTp nmorenivana JleOaa, urparoulMi pomb HanpsxKeHuA B 
SKBUBAICHTHOU JJIMHHOHK JMNM, 
AT 
a 
37eCch pe4Ub WET O CHeKTPaxX BeIMUMH, ONMCbIBAIOWIMX Nona BHYTPH BOJIHOBOJOB. 
EctecTBeHHO, 4YTO OOmacTUu 3a peweraMu CHCTeMbI, rye WUSIeKTPHK HaXOQWTCA B 
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CBOOOJHOM MpOCTpaHcTBe COOTBeTCTBYIOUWIHe pa3OKeHuA Mpencrapuaror codoit 
JBOWMHbIC MHTErpasibl. 

CriextTpbi noTenimanos JleOaa onpelenatoT MONepeuHbie OTHOCHTENbHO OCH Z 
KOMIIOHCHTbI MONA HW CBA3AHbI C MePeCHOCOM SHEPIHH BAOJIb ITOM OCH, CIeMOBATebHO 
OHM MOTYT ObITh HHTepnpeTHPOBAHb! Kak HANpPWKeHUA H TOKH JWIMHHOM MHMH. Pewins 
CMCTCMbI YPaBHeHHH IIA TOKOB WM HanpsKeHHH, WU BbLIpakad uepe3 HUX CIICKTPbI 
KOMIIOHEHT 3JICKTPOMATHHTHBIX Woe OOpaTHbIM mpeoOpa30BpaHHem Dypbe HaxOLMM 
Bce HHTepecyroulve Hac NOMA. 

JlaibHeiwee pelleHve COCTOAIO B COCTaBICHHH MHTerpawbHOTO ypaBHeHHa U 
ero peuleHHa MmMeTonomM JTanepxuuHa. Iipwuem B kayecTBe Oa3HCHbIX MyHKUHi 
MCNOAL3OBaINCh PyHKUUH (2), (3). Ilo HaHCHHbIM TaKUM o6pa3om 
pachipeyzeseHuAM MAaLrHHTHbIX TOKOB Mbl CMOTIM paccuMTaTb BCe MHTepecyroumme Hac 
XapaKTepUCTUKU CHCTeMBI. 

OnHOH V3 BaKHeMIIMX XapaKTepHCcTHK OMMCbIBaeMOM MOE ABIIAeTCH 
KOIMPMUIMEHT OTPAKeHHA OT PaCKPbIBOB MMTAIOWMX BONHOBOROB. JlaHHbIi NapamMerp 
NOKa3biBaeT o3PeKTHBHOCTh WpoxoxKAeHua CBU MowHocTH B HarpeBaTebHyto 
Kamepy. B 3amaue MCCIeqOBaNMCch 3aBHCHMOCTH KOodpulNeHTa OTpaxKeHuA OT 


TCOMCTPHYCCKHX WapaMCTPOB CHCTeCMbI, a HMCHHO OT l, M l, ~~ l,, T. ©. DaCCTOAHWA OT 


OCHOBaHHA KaMepbl TO HWKHEFO CCYeCHHA WHMOeCKTpHueCKOU NWWaCTHHbI WH OT BepxHero 
Kpad MMoeKTpuka WO BepxXHeH CTeHKH OCHOBHOTO BomHOBORa . BriSop 3rTux 
MapaMeTPOB OOLACHACTCA BO3MOXKHOCTbIO M3MCHCHHA WX Ha MpakTuKe NyTeM CO32aHHA 
BepxHe WM HMKHeEH 4acTeli BONHOBOTa B Bue MepesBUrarOulMxca BBEPX HW BHH3 
MNOpwiHeH OTHOCHTENbHO WHONeKTpHyuecKoro cod. bby MpOBeeHbI pacueTht WA NATH 
rapMOHWK Bo30yxKAaIOUINx TOKOB. Bce oObemMbl He cOMepxalve MMoIeKTpHKa 


CUHMTAIOTCA 3aNONHCHHbIMM BaKYyYMOM € = (1, i0). Ha puc. 2a gaya cucTeMbI Cc 
napametpamn a=(0.75A, b6=31A, 1,-=0250, A=0O01A 
f : ~ 
A'=0.025., ¢= (3,-i), KOTOpad Bo30yxKRaNach NONeM c nonepeyHor 
NOuApUsalwel C MOMOLUbIO TPex MMTATOMIHX BOJHOBOZOB OMHAKOBOrTO pa3mepa A, 
pacnomararonjHxca paBHOMEPHO MO OCHOBAHHHO KaMepbl, Kak N0Ka3aHoO Ha puc. | (mpu 
jf f 
9TOM BMadparMpl B BO36yxKTaOLMx wenax oTcyrcTcTBOBanH, T. e. A= l, = [;) 
W300paxKeHbl 3aBHCHMOCTH KBaapaTa MOYIA cpewHero MO BCeM BO36y2KTaIOLIMM 
BOJHOBOHaM KOOpPHIMeHTa OTpaxkenua OT paccrosHnit L, i l, a l,. Ilo rpaduxam 
BMTHO, 4TO CHCTeMa OKa3aacbh COracoBaHHOM pw cieqyIolwMx mapamerpax 
I, = 0442, i —l = 024. 
Jina mpyroro Tuna Bo36yxneHus, c mapamerpamu cuerempr @ = 2.2), 
A = 0.6A, ocranpunte XapakTepHCTHKU Te 2Ke, YTO HM B NpeAbIAyUIeM cilyyuae, KBalIpaT 


MOA KOSPpUUMeEHTAa OTPAKeHHA OKa3asIcaA ONM3KHM K HYNIO pH lL, = 048A 
y p y p 1 


l, a l, - 045A Uron NONTBEPKTaeT COOTBETCTBYIOLMAA 3ABMCUMOCTE Ha puc. 20. 


Co3sqaHHad MaTeMaTHYecKad MOJieb MO3BONAeT NPOCHeNHTb 3aBACHMOCTH 
KOIPPUUHeHTAa OTpaxeHHA OT mHOOLIX TeOMeTPHUCCKHX pa3MepOB, a Take OT 
nNapaMeTpoB WH3ieKTpHkKa. 

B OByx MpHBeqeHHbIX MpumMepax paccmaTpHBaOch NO TPH BO3byxXTaIOWINX 
BOJHOBOa, PaCIONOMKCHHbIX PAaBHOMeEPHO MO OCHOBaHHHO KaMeppl . IJporpamma no 
pacuery WaHHOrO ycTpOvcTBa NO3BONAeT BLIOUPATb MpOW3BONbHOe KOJIMYECTBO H 
wxOOOe pacnoONOXKeHHe WMCTOUHHKOB, a TakKxKe MpOaHaNv3HpOBaTb TPH 3aaHHbIx 


YCSIOBHAXK NOBCHEHHC MOMS E B WHSSICKTPHKe. A HMCHHO, CYHICCTBYCT BOSMOXKHOCTh 


Marepuaant 6-4 Memaynapoguolt Aeamcnoit *Haxpowoanonoh Aanpepenyun A~enrMaRe G6. 16-19 cenwra6pa 1996 v., Cesacronoan, Kpvim, Yepanna 
3 72 Proceedings of 6th International Gremean “Aecrowave Ganference CrivAfe2a'96 . 16-19 September 1996, Sevastopol, Crimea, Ukraine 








2 


PaccyuHTaTb 3aBHCHMOCTH PyHKUn Dag u y Eon 

n n 
O=X,V,Z, a H- HOMep TapMOHHKH NONA TO Y, 44TO NO3BONAeCT OLCHUTb 
PaBHOMEPHOCTh TIOJIA B TM3JIEKTPHYCCKOM MaTepHasle HM TCM CaMbIM PaBHOMEPHOCT ero 
HarpesBa. 

UrTo kKacaerca TexHONOTHUeCKHX OTBCTBJICHHH, TO HX MHA BbIOupaeTca 
NOPANKA HECKOJIbKUX JVIMH BOJIH Jit TOTO, YTOObI NOMABUTb BpPeAHOE u3yUeHHe BO 
BHCLIHee NpOCcTpancTBo. BbiOpannas B BbILLIeCyNOMAHYTbIX mpuMepax WIMHa b= 31K 
mana Kood®uywenT MpoxoxKWeHHA MOIIHOCTH BO BHeLIHee MpOCcTpaHCcTBO 


Z 
| OT KOOpAMHAaTH! ), roe 


OTHOCHTCIbHO CYMMapHOH MayaroueH MOUJHOCTH nopayKa 10> u 19° !° 
COOTBETCTBCHHO. BooOine, ecutm ycrpoiicrBo Bo36yxmaeTCA MPOROMbHbIM MOMeM , TO 
HarpeBaHne MpoucxonuT Oomee stipekTHBHO, 4eM B cuyyae noma, OGmamaromero 
nomepeyHOHK NOMApH3anen, T. K. KOIPPULMEHT NpoxoxKAeHHA B GOKOBBIC OTBETBIICHUA 
HYKe. 

Halo OTMeTHTb, 4YTO aHHYy!O MOJEJIb MOXKHO HCHOE3IOBATh HE TOMbKO Kak 


HarpeBaTesbHOe YCTPOUCTBO, CCH B KayeCTBe CNOA MCNOMb3OBaTh MaTepuan 6e3 
MOTepb. 


Iil. Saxsmouenne 

/laHHas paOora cayxuT Oa30B0i Ia paccmoTpeHua NomOGHEIx CBU yCTPOHCTB, 
B MaCTHOCTH, [Id PaCCMOTPeCHHA peallbHOrO TpexMepHoro ciy4ad, roe B KauecTBe 
OCHOBHOM HarpeBaTeubHOH KaMepbl MCMOub3yeTCA pesOHaTOp C KOHeYHOM TO BCeM 
KOOPAHHATAM JIMSJIEKTpHYeCKOW BCTaBKOW. Kpome Toro, B kayecTBe JIM3IeKTpHYeCKOrO 
COA MOXKHO B3ATb AHM3OTPONHbIM MaTepvan. OrTmMeTuM, 4TO NpeqnOxKeHHbI NOnXON 
B 3amauax CBU-narpepa no3BomdeT TaTb TOUHYYO MaTCMaTHYeCCKYFO MOJCIIb HW PeLllluTh 
Kak nNpoOsemy cormacoBaHHA, Tak H npoOmemy MHHMMUB3auNE Napa3HTHOTO UW3ydeHusa 
yepe3 YCTPOHMCTBO BBOa-BbIBOA. 


IV. Cnncox smrepatyppr 
bonpos B.B., Cypxop B.H. Marematuueckoe MOfeIMpoBaHHe ycTpolicts CBY nu 
aHTeHH. M.: U3qatenpctso MON, 1994. 


A MATHEMATICAL MODEL OF THE SYSTEM FOR TRANSFORMATION 
OF THE MICROWAVE FIELD INTO THE HEAT FOR DIELECTRIC PLATE WARM 


Chernova O.V., Bodrov V.V. 
Moscow Power Engineering Institute (Technical University) 
14 Krasnokazarmennaya St., Moscow-111250, Russia 
fax 095-362-89-38 


The mathematical model of the system for transformation of the microwave field energy into the heat evolving in the dielectric layer 
with given permittivity, is considered. The model consists of the rectangular metallic chamber with some power waveguides and two 
input-output structures for the dielectric plate which are necessary for the stray radiation reduction. The capacities reflected from 
the apertures of the power waveguides, segreted in the dielectric layer and radiated into the outer space, are calculated as the 
functions of all parameters of the problem. The method of minimization for the given level of reflection and radiation is considered. 
The calculations are based on exact solutions of the electrodynamic problem using integral equations for the magnetic currents in 
the holes and special representation of the Green function in the different domains. The results of calculations of the mentioned 
above characteristics for different polarization fields in the power waveguides are accounted as the functions of geometric 
parameters of the problem. 
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Puc. 1. Ycrpoiicrsa npeo6pa3oBanua CBU snepruu B Teno (O - skpan). 


[3120.2 BONN") (PleeZ 


gaan e a 


“a 3 
ane ~~. j : 7 









a ms 
50 - a a" 0.800 - 
’ Pe a ayy Ae 
errs % cad © wes Es na eo : 4, 

O.4ix) ae Sey LoteeO.5 oud - Sa 

: *, Z 

mie x 

x 14-2 2.4 ie ake jo =O 5% 

{t JtX a sy RN he U.390 4 AF AS Rete intte \ 
\> vas we, wee 
! a 
vn , a On a 

A gis a A 4H. 

DAK - ’. ra O20 fs gu De ae aes 
ee a \, 
se ” \ # 
uae ‘ ," f 
CTS Af \ / CVC 
“* 4 
pe ae 15 Dacl), gehen 
rg . 

. {1 | =] 

QOD SEEK TET TT OTL EET TEP ETT ETT TE ETOP TET ECT TT TT EE ET DO Pre reereey epee ee yee rere TTT EET ELT LETT TET TE ELT E ET ET TET 
O00 G.1 00 0,200 0,300 0.400 0 S00) OAK G10 O20 O.900 0.400 OSX) 


a) 6) 


Puc. 2a, 26. 3aBNCHMOCTb KBaqpata MODYIA KOSPMUUMEHTAa OTPAKeHHA 
OT reOMeTPHUCCKHX NapaMeTPOB yCTPOMCTBa NpH Nonepepe4HoH 
TIPOAONbHOK MOMAPUZalWAX Nawarolero NOMA COOTBCTCTBEHHO. 
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JM@DPAKHHA KOPOTKHX SNEKTPOMATHHTHBIX HMILYJIBCOB 
HA TEJA 


A.M. Jlepep, 1O.M. Hoiixnn, C.M. Userxorckan 
Rostov State University, Institute of Physics, 194 Stachky street, 344090, Rostov-on-Don, 
Russia.Tel. (863)2280858. Fax (863)2285044., E-mail: lerer@riphys.rnd.su, lerer@phys.rnd.runnet.ru 


AHHOTaNHa 
B lpocTpaHcTBeHHO-BpeMeHHOM IIpeACTaBNIeHMM pellieHbl WBe KIOUeBLIe 3ala4v 
JBYMepHOK TeOopuu AMpakuUMN SICKTPOMAYHUTHHIX UMITYIbCOB : WucpakuMA Ha Mooce 
(IleIM) HW Ha UWWIMHApe c Mpov3sBobHOK dopmoi obpa3yiomwent. Momyaenbr cuctrembl 
JMHeEMHBIX allreOpawyecKMx ypaBHeHMH BToporo pola c O6bIcTpol cxogMMmoctTbio. Bce 
MaTPHUHBIec SIIEMCHTbI CMCTEM MpeCTaBeHbI B AHANIMTMYeCCKOM Bue (WIA We) HOO B 
BAe YROOHOM Wit YMCHEHHOTO MHTerpupoBaHUuA(AIA WMMHEpa) . 


I. Baezenne 
[M@KOCeKYHIHbIe SIeEKTPOMaTHUTHble wMMyIECh! (SMA) umewT wupokuit ciextp u 
TOSTOMY NCPCieKTHBHO HX TIPMMeHeHHe B pawMONOKallMM, M3MePHTeAbHOM TeXHUKe 
(MMIIyIbCHad pedsieKTOMeTpUA LIMpoKonomocHbIx CBU uenet nu w3mMepenue ux S- 
fapaMetTpos). TpaWiMoHHbI MOAXOA K pelleHHIO 3ayaud paciipoctpaHeHna u AM@pakunun 
OMM ocHospah Ha peleHHM 3TMX 3aad WIA MOHOXpoMaTu4eCcKON 9aeKTpOMarHUTHoL 
BOJIHB] C MOCIeTYIOUIMM MpMMeHeHHeM OOpaTHoro mpeoOpa30paHua Wyppbe[1]. Taxol 
MOUXO BECbMa TWIOMOTBOpeH WWIA AIMHHbIX OMV, Ho Wink NMHKOCEKYHIHbIX CTaIKMBaeTCA 
C PpAHOM TPYHHOCTeH: pe3KHM YBCJIMYeHHeM OObeMa BHIUMCNCHUM, MOBbILUCHMeM 
TpeOoBaHHA K TOUHOCTH pellleHHA B CHeKTpasbHOM OOMacTM 3-38 HaKOTIeHUA OLIM60K 
MpH mepexofe BO BpeMeHHy!O OOsacTb u T.y.. Tlostomy NepcneKTMBHbIM, HECMOTPSA Ha 
OOJIbLIYIO MATeMaTMYeCKylO COKHOCTb, ABIAeTCA pelliewe ypaBHeHui Makcpesia mA 


CBU crpyktTyp cpa3y BO BpeMeHHO oOsacTH. OcHOBHOM MaTeMaTHY¥eCKMM MeTOU, 
UCIIOJIb3yeMbIA B OOJIBILMHCTBe paboT pH pewieHwH ypaBHeHuit Makcsena Bo 
BPCMeCHHOK  oOOaCTH, KOHCYHO-pa3HocTHbIli{2-4]. STOT MeTO MMeeT MHOTO 


JOCTOMHCTB, HO ero HpHMeHeHHe BO3MOXHO TOJIbKO TPH HaMuHu MOLIHBIX DBM. 

IIpu peteHuu KpaeBbix 3aa4 9ICKTPOAMHaMUKU B CIIe€KTpayibHOHM O6sacTH LIMpoKo 
MIPUMCHAIOTCA PaSIMUHble YACIEHHO-aHasIMTM4eECKMe MeTOUbI, OCHOBAHHBIe Ha pellleHHn 
WHTerpanbHbIx ypaBHeHuu (MY). CyuiecTBytoT pa3iM4Hble MOMMUKALMM TUX METOOB. 
Hanboutee oekTUBHble, Ha Halll BIMIAL, COMepXKaT [Ba OCHOBHBIX 9Talla peluicHUaA: 

1) Bbijenstetca Kmo4ueBaA CTpyKTypa WM COOTBeTCTBYIOWAad eM KpaeBad 3amaya. 
KuoyeBad CTpyKTypa ~ STO CTpyKTypa reoMeTpMyecKM HaMGOosec Gnu3KaA K UccHeLyemon, 
coljepxallad BCe OCHOBHbIe UX OCOObeHHOCTH. Harpumep, WIA MHOTOoUNMCIeHHbIX 3alay 
Huppakyuu Ha WBYXMepHbIX MeTasWIMYeCKUX TeaxX Cc peOpaMH, Ha, HEOMHOPOAHOCTAX B 
BOJHOBOZaX KINOYUCBOH 3afayeH MOXKeT OLITh 3afaua Oo AMdpakuMu Ha MeTAWIMYeCKON 
moyoce W Ha UlesIM B MeTAJJIMYeCKOM 9KpaHe. 

2) PewteHve kKoueBOM KpacBol 3aa4un CBOUMTCA K pelUeHMIO olepaTopHblx 
yYpaBHeHU, HalipuMep, MHTerpabybix. [pu ux pewleHHW MCMOMb3yeTCA peryiaApH3auMa. 
PeryNApM3alluA YUMTbIBAeT AHAIMTMYeCKHe CBOMCTBA OlepaTOpo.. 

OTOT MOAXOL UCMONb3yeTCA B HACTOALIEH paboTe BO BpeMeHHOM ob6acTH. 

B kayecTBe Meppow KI0deBOM 3anauM BbIOMpaeTcA 3anzaua gudpakuun E- u H- 
MOJApVW30BaHHbIX OMV Ha MetasuiMueckon Monoce WM We. 

Jina uccnelopanud wudpakuuu OMY wa CBU crpyktypax c miaqKAaM KOHTypoM 
MOMepeyHOTO CeYeHHA pa3spaOoTaH MeTO, KOTOPbIM ABIIACTCH pa3BHTMeM Ha BPCMeCHHYIO 
oOacTb MeTOJa tMoryoOpalleHux WI OOoOueHHbIX CBU ctyktyp [5]. Jiia ganHoro 
Kiacca CTPYKTyp KillOUeBad 3afaya - 3agaua Qudpakunu DMV Ha KpyroBom LMJIMHIpe. 
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Ii. Ocnhosyag vacTh 
ns nonyyeHva WHTerpayibHbIX YypaBHEHHH B  IIpocTpaHCTBeHHO-BpeMeHHOM 
IIpewcTaBsIeHHH HYXHO K XOpOolio wM3BecTHbIM HY B_ lpoctpaHcCTBeHHO-YaCcTOTHOM 
WpeucTaBNeHHH TIPHMCHUTb OOpaTHoe MpeoOpa3soBaHuve WMypbe Mo yactTote. B pesybrate 
TLOJTYYMM: 


Jina H - noxspvsopannoro woniysipca (47, (x,7,7) 40, £, =0 ) 


/ co 
(1) + fade" [W(x,0)8 (x - x',0) exp(ioA)do = — H°(x0,1) 
2s ae ps 


me W(x,o) = -—meF (x0,o), 3Hak "~" o3HayaeT Dypbe-mpeoOpasoBanne Mo BpeMeHH 
L. 


Ina E - nouspw3opannoro umiyypea (L(x, 2,7) 40, H, =0 ) 


ie er ee , | yy 
SS [abet [(W(x,0) F(x — x',0) explinAdo = ~ HY(x9,0) 
(2) -. 


B (1), (2) Beenenbr o6o03sHayenua: AY’, - cymMa none magatolel Mu 3epKasbHo 


oTpaxenHolt BomH, F(x,@)=G(x0,o), G - byakuna puna. Jina nannol sanauy 


f 

(3) G(x,zo)=) 2 

a ee) pu w <0 
C 


HO (Ar) apn o 20 
Z 


Hf? ~ynxuua Xankens, ¢- cKopocrb cBeta, 7 = ¥X* + Z°. 
IIpumMeune K (1), (2) Teopemy 0 CBepTKe, HOJYUHMM YpaBHeHHA OTHOCUTEJIbHO 


W(x,7), HampumMep u3 (1) 





/ * ho! f 
(4) i | de’ a a “= = eae (uP), 
™ —f OO 2 X — Dt : 2 
(=e 
Cc 


Fee 


ByemM Ucromb30BaTb ypaBHenua (1) wv (2) c ampom (3) , a He WY (4), T.K. 970 
yYMeHbillaeT OObEM MaTeMaTHYeCKUX Mpeoopa30BaHHH. 

PaccMoTpuM MazeHuve rayccoporo ummynpca. aA coKpaileHHia OObeMa BbIKIAOK 
paCCMOTpMM HOPMaJIbHOe Mayenve. PeleHve JIA HaKNOHHOTO MaweHAAHe HUYeM 
MIPUHUMMMabHo He oTMdaeTtca. Tfonaraem, ITO 


roe t =f — |x — x’ 
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H° (x, z,t) = exp[-(¢ + “y / T?\ + exp[-( - “y eee 


re 7 - nonyuMpuna uMoysbca. 

YHOOHO Mepelitu K 6e3pa3MepHbIM KoopyuHaTamM x > xf z>z#hrorTsB 
ypaBHeHuax (1), (2) Ip sTOM HyKHO 3aMeHHTb / Hal, c->« =c7// - mpapple actu 
YMHOXKHTb Ha 7'// B(1) Mu Ha 77/ B (2). 

PeteHve (1) MuIeM B BHTe 


(6) Wa)=7 YT. YX," =o ,texp(-1*), 


me ,,, - Heuspectupie Kospbuunents, 7, (x)= 7 (x) /vl-2x°, 7%, H, - 


NOWMHOMbI YeOpiiiiepa Meporo posa HW OpmMuta. Ecam yrom nagenua oTmmyen oT x / 2, To 
B (5) HYKHO 3aMeHHTh 2/ > /. 

OTMeTUM OCHOBHbIC 3TAalbl pewienus. 

IIpumMenum k (5) mpeoOpa3zoBaHve Dypbe, pesyrbrar moncTraBuM B (1). 3aTem, B 


COOTBCTCTBHH C MeTOOM TaslepkunHa, o6e YacTH yMHoxaem Ha 7) (x)/n u 
wuterpupyem Ha [-!, 1]. 3atem pasnaraem A/°(x,7) uw exp(iot) mo 3HaKOM 


WHTerpana B px Teiinopa no crenenim 4 TipupapHupaem ciepa wu Ciipapa uneHbI Cc 


q 
OLMHAaKOBbIMH cTeneHaMu 7%, yMHoxaem ux Ha XK = ogni B pesyiprate 
momyuumM CJIAY 


oO 1] 1 _ I 1 1 = 
(6) be pe em ay [Zi (xa [7,,@G,,(% —~ x')dx' = aT, [Z.,04, (x)\d<x , 
=f “a ley 


,(x)- KosppuuMenTsl paza Tetinopa byukunn A’ (x,0,7), ymHoxenpie Ha X; 


cag = 1, CCIM p- yeTHOeE, g- HeYeTHOe, & yq = 1 B TIPpOTHBHOM Ciryyae, 


1) G,4(x)= 5 fo* exp(-07/4)g,(2,0)do , 


ae Wie ay. npu s=25' 
me S= P+ dq, &(X,@) = 1 o E . 
Tee li pu s=2S' +1 ’ s'= 051,25; 
K 


J,,\, - byHkuuu Beccena. 


VMinterpanpr (7), B OTIM4YMe OT MHTerpaos (8), BbIPAKAcTCH B AHAIMTMYeCCKOM BULe, 
nmu“0o0 Yepes yHkunMM YutTvkepa, mMO0 B Bue XOpoulo cxogauleroca pana. Ins 
HaxOXIeHHA MocweqHero HYKHO pa3xiOKHTb dyHKimM becceta B pay U 
TIPOMHTerpupoBaTb MowleHHo. Bce BcTpeyarolulMecn Mp 9TOM MHTerpatbl - TaGMU4HBTIe. 
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3aTeM HaXxONMM mHTerpatbi mo x u x’ .PemleHMe HaxomMTca “3 pezyuMpopaHHon CJIAY 
(6) 


Ilpu pewenuu unterpo-zuddepenuMabHoro ypaBHeHna (2) aa E- 


NOMAPH3OBAaHHOTO MMMyibca B (5S) 3aMeHUM ip j(x) Ha U, j(X), Ue - 


UY, (x) = v1l- ag OA j(x), OY, ,(*)- nommHombr YeGpiiliepa Broporo posa. Cxema 
peLUCHHA ypaBHeHus (2) aHATIOTMYHA BbILIeCOMMCAHHOM C HEKOTOPbIMH 


jonomHenvamn.Ecam nagaioumit uMnyibe ompesxensetca Kak A" (x, Z, 7) COS(@,7), TO 
peieHue (1,2) BOSMOXHO ABYMA CIIocobaMH. 


| Z 
ECM 0, =2m/, < oe TO pellieHve MoO-WpexHemy ulleTca B Bue (5). [ipu oToM B 
CUIAY (9), (10) u3sMeHntTca TobKO mpaBad uacTb. B MpoTHBHOM Cyly¥ae K PpeIeHHto (5) 


HYKHO JOOaBUTb MHOXKUTeNb exp(4,7). Torma B (7) HYKHO 3aMeHUTb £,(7,@) Ha 


BAXLO — Wy) : 


Jina wrapoxoro umnynpca 7a, > 10+20 vusnoKeHHbIM crocodO MccneqOBaHHA 


Audpakuuu MMItyipca He MMeeT MpeMMyllecTB Tepe OObIYHbIM CMOCOOOM Ha OCHOBe 
wHtTerpana Dyppe. 

Paspa6oTaHHbIli MeTOX Mo3BONAeT oddeKTHBHO peryiapusoRaTh pewleHve WY B 
IIpOCTpaHCTBEHHO-BpCMCHHOM JIipeACTaBICHMM WIA ABYMePHbIX MUKPOBOJHOBbIX CTPyKTyp 
C TOHKMMM MeTasuIMuecKHMM peOpamu. Jin cTpykTyp c TiawqKMMM KOHTYpaMH WU 
peryApv3allMH MOXHO HCTMONb3IO0BaTh OOOOWIeHHe Ha MpoOCcTpaHCTBCHHO-BpeMeHHylo 
o6acTh MeTOAa NoNyoOpalleHHA D1 OFOOWICHHBIX WWIMHApMyecKUX ctpyKtyp [5 |. 


I. Wacnwennpie pesyraral 
B taOnule MpMBeXeHbl pe3yIbTaTbl MCCNeqOBAaHMA BHYTpeHHeH CXOAMMOCTH 


pelieHua 3agaun gudpakuuu va wenn. B ta6muue AaHbt 3HayeHua 7, *10 ana E- 
fouApM30BaHHoro (BepxH#a uMdpa) v H-nomapM30BaHHOro MMIlybCa (HYOKHAA WHdppa), 


me P= P/P,P—- paccesnHad MouHocTb , &%-MOlyib BeKTopa YMopa-[JonTHHTa B 


Ki 


mrockocru menu. AZ,,A7,- uucno 6asucHbix PyHKuMi B (5) no x uv t. Tlonaranocp 
/=imm, 7 =5ric, f/f, =0. 

Ha pucyHKe mpuBenenst 3anucumoctru§ P,(¢) = P,(¢/ 7) / P (7. /f) © 
P(t /7) 1a umnynpcop pasmuuHolt zuTenMnoctm mpw fy =90. 7... BPeMA , Tp 


KOTOpOM paccesHHast MouHocth P. (7 / 7) MakcwMasbHa .Kpusasa l- /,, KpuBbie 2-4 - 


P: T = 500 ne (kpupan 2),7 = 10 nc (kpupaa 3) uw 7 = 3 ne (KpuBad 4). 
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Cae ae 

J Pt on ae ee 2,7286 

2 2,7110 2,7064 2,/052 2,7048 
Q,51507 U;3958) 0,34941 0,33320 


IV. 3akovenne 

TakuM o60pa30M B paOoTe WIA 3afau gudpakunu SMM wa wenn nu uMIMHIpe 
TOJYYCHbI CHCTEMBbI JIMHEMHBIX alIreOpawvyeckux ypaBHeHHH BTOporo pona c ObICTpor 
CXOHMMOCTbIO. Bce MaTpWYHbIle SIICMeHTbI CHCTeM MpeACTaBNeHbl WH60 B aHasIMTMUeCKOM 
BUXCOM (WIA LUletM) WMO00 B Bue yROOHOM JIA YMCHeHHOTO MHTerpHpoBaHna(QiA 

WuIMHopa) biarowapa stTomy pacuethi Ha WOBM 3aHMMatoT JOM CeKYHABI 
PelleHwe KITOUCBHIX 3afad To3sBoNseT  MOcTpouTh odiekTuBHble UMCIeHHO- 
aHAIMTMYeCKNE AITOPHTMbI MaTeMaTHYeCKOTO MOeMpoBAaHHA Tpoweccon AMdpakunu 
OM Ha CHOXKHBIX WWIMHEpax c peOpamu, Ha MHOrOYMCIeHHbIX HCORHOPOAHOCTAX B 


MIPAMOYTOJIbHbIX BOJHOBONax, a TakxKe pacnpoctpaHeHua OM Bb onaHapHpix AMHMAX 
nepeqaun. 










19 
032614 0,31968 0,31398 
2.7298 2.7301 2.7295 2.7295 


0,32603 032084 
2,7047 2.7044 2.7044 
0,32152 032086 
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Uccnrenosanke CHOKELIX BOAHOBCRYMEX CTPyYKTYP MeTCIOM 
HonyoOpanenna 


Houeu M.B., Jiepep A.M., LpeTKospcKkas C.M. 
WUncrutyt dusnuku pu Py, mp. Crauxu 194. 344090, Poctop-Ha-Hony, Poccus, Tell. 
(863) 2280858, cake (863) 2285044, E-mail: lerer@riphys.rnd.su 


ARHOTAanwa: 

MccnenopaHve CAOXKHBIX BOJHOBeAYLIMX cTpyKTtyp CBU c HeKoop—wHaTHON opmor 
TloMepeyHOTO CeYCHHA BbITIOJIHEHO HOBbIM 93(DCKTUBHbIM UMCJICHHO-aHaIMTM4YeCKUM 
MeToHOM. Mero, ocHoBaH Ha oOOpalieHuW MaBHOM CMHTyISpHOW yacTH OnepaTopHoro 
ypapHeuvs. Jina 9sToro B MeTonxe TanepkwHa MCTiONb3yloTCca Oa3ucHbie dyHKUMN 
ABIAIOWUIMeCH COOCTBCHHbIMM KpacBoK 3aauH AU@paklMM SICKTPOMAFHUTHHIX BOJIH Ha 
KpyroBoM lMIMHope. Meror Obl MCTIONb30BaH JIA UCHeIOBAaHUA HEOLHOPOAHOCTeN B 
BOJIHOBOIe a Tak Ke JUIA aHasIM3a BOJHOBOAOB UM MONOCKOBBIX JIMHMH CO CIOKHOK PopMon 
MoMepeyHoro CeYueHHs. 


I. Baenxenne 


Pa3BuTbIM B BaHHOW padoTe UHCIICHHO-aHasIMUTM4eCKWMM MeTOX OCHOBAH Ha 
aHAIMTHUeCKOM OG6palecHHU TaBHOM CMHTyApHOM 4WacTM MHTerpambHoro ypaBHeHnsa. Jia 
9Toro }=B MeTogze JanepkKuHa MWCMONb3yIOTCA Oa3HCcHble MYHKUMA sABAAIOWIMeCH 
COOCTBCHHBIMH KpacBoH 3aauM AMudpaKUMU SJIeKTPOMAarHHTHbIX BOJIH Ha KPyrOBOM 
LWJIMH Ope. 

Pa3paOoTaHHbIi MeTOX ObUI HCIONb3I0BAH IX pacueTOB = CJICAYIOULAX 
XapaKTeEPpUCTHK: 

- BONHOBbIX COMpPOTHBIICHHH WM MOCTOAHHbIX 3aTYXAHHA TONOCKOBBIX JIMHMK, 
BHYTPCHHMKM MpOBOJHMK KOTOpbIX MMecT KPYPIylO, BWWIHNTWMYeCKy!O MIPAMOYrOJIbHy}!O CO 
CKPYIICHHbIMH KpasaMi (opmy. 

- TIOCTOAHHbIX pacipocTpaHeHHA OCHOBHOM BOJIHbI B MUKPOMOJOCKOBOH JIMHMH, 
BHYTPpeHHUM MpOBOMHUK KOTOpOH UMeeT IIIMNTMUECKYO UW TpanelunaanbHylo Popmy. 

- YaCTOTbI OTCCUKHM SIIMNTMYeECKOTO MeTasIMYeCKOCrO BOJIHOBOsa 

- MaTpMubl paccet#HuA  WAHAYKTHBHBIX WM CMKOCTHBIX WTbIped uw AMadparM 
QIUIMNITHYeCKOH, TpareluMutatbHon, KpecrooOpa3HoH dopmpbl. Llrsipw Kak UseaibHo 
TIPOBOAMIMe, TAK M AMMeWaHCHble , B TOM UMCIIe C HEJIMHCMHbIM MMMeaHcoM. 

- MaTPMUbl paccesHust  BOJHOBORHBIX TepexoOB MNpOv3BObHOH  GopMbl 
pacnioJIOKeHHbIX WMO0 B E- , 1460 B H- NIOCKOCTM NMpAMOYFONbHOTO BOJHOBOLA. 

- [MarpaMMbl HalipaBsIeHHOCTH WM 3ddPeKTMBHOTO MoMepeyHuKa paccesHud TEM- 
BOJIHbI Ha WleatbHo poposslen ciepe, pacnowoKeHHOM MOXxKTyY UeatbHo 
MpOBOJALWAMM TWIOCKOCTAMH. / 


Li. Ocnosynagd GacTb 
PaccMOTpuM pelleHHe cieaxyoulero ypaBHeHuA 


Lf=8s (1) 
rae “L, & M3BeECTHbIM AMHEHbIM OTepaTop MU PYHKUKA BOIOYKIEHNA COOTBETCTBEHHO, f 


- HeM3BecTHad dyHKUMA oTKIMKa. IlpeqnosoxuM, 4TO onepatop L£ MoxeT ObITb 
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mpencrapieH Bp Bute L=L£,4+L, , rye ZL, oneparop, BKmouarolMi B cebs 


OCHOBHbIe OCOGeCHHOCTH ONepaTopa ZL. 


OOpaieHue onepatopa L£, BO3MOKHO MHOruMH crocobamu. BpiGop MerTona 
OnpelesaeTcaA pellaemMow 3anayei. B HacToauien padoTe UCMONb3yeTCA cCHeTyYOUMi 


BapHaHT MIJO. Iyctb u3pecTHbl coOcTBeHHbie dbyHkunn / 


MT 


WM COOCTBeEHHbIe 3HAYCHUA 


rn, olfepatopa L, . 
Lig Pigs Nog Pd (2) 
Torga peuieHue (1) uuiem B Be Jie Dae 4 a (3) 


Tlogcrapasem (3) B (1) ucnonb3ya (2) HM opToroHalbHocTh dyHkuui ff, , B pe3symbTaTe 
nonmyaaem CJIAY: : 


MN AX, T i eh) = (7,8) > ie N, = (Sia 7) (4) 


B HactositeH paOoTe Ucrionmb3yeTca To, YTO (yHKUMU cos(/z), sin(/7) ABAIOTCHA 


COOCTBeEHHbIMU MHTCrpayIbHbIx OMe€paTOpoB C AT paMu 
sin ei 
Z 


G'(t,7)= 3. tis G2 (1,7')=- LAP 2kdsin’ 
TU 
G? = ! galsin 2 


2 sin ——— y sin =" 


YTo ABIACTCH CHCACTBMEM XOPOIO M3BECTHEIX CbopMysI 
*\cos(mr)| 4, cos(mr')|{ In(2) m=0 
J prepa Cs (1,7) = -\in (mt){\1/(2m) me 0 (6) 


j pots C(t =, (obo) ) 


sin(mz') 





sin 














|. Hy 2ka 











“f cos(mr) _ d (2) cos(wr') | 
Hes ot l(t, )at = cx ka a (ia) lV,, (ka) i; 2) (nt (8) 
IIpuMeHeHve MeToyIa paccCMOTpMM Ha MpMMepe aHasM3a NomnocKoBpoh smmunu. Jb 


MOBEpXHOCTHOM WOTHOCTH 3apaTa Ha LWeHTpasIbBHOM JIPOBOMHUKE MOKeT ObITh 3allMcaHo 
WY 


' t 
o(x, y)O(x,x',y, ye = 1 x,yeC, (9) 
Cc 
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rie C - KOHTyp NoMepeunoro ceyeHua IipopogHuKa, G - dyukiuna Tpwna , uMeroiasr 
norapHMMvyecKylO §=6OCOGOeCHHOCTh §=TIpH CTpeMJIcHHM TOUKM WCTOUHHKa K  TOUKE 
HaOMOUCHMA . 


3alWLlieM ypaBHeHve KOHTypa B TlapaMeTpHyeckou Popme 


x= x(t) y= yv() 0 <7 20. 
Buioop MapamMerpa MponM3BoyIeH WM CYUIeCTBCHHO BAMHeT Ha BHYTPCHHIO1O 
CXOIMMOCcTb. YcTaHoBleHo, 4TO HanOolee sdMeKTHBHO UCMONL3IOBATb B KaYeCCTBE 


lapamMeTpa HOPMMpoBaHHyW WWIMHY KOHTypa MomepeyHoro ceyeHUuA ¢ = 2n-c/C. 





2 
YpapHenue (9) nepenuuletca B BIE | S(NC (1,0 = 1 Ee 
0 
re (7) - MapaMeTpvuekad MIOTHOCTh 3apaga. PyHkuua TpwnHa mMoxeT ObITb 
IpeswcTapleHa CeLyIOWIMM OOpa30M Gt, ') bay eae In|sin onal 4 (7, r') 
27 








Pemenne UY vumempeuge: o(f)= y X* cos(/t)+ 3 X* sin(/r) 
f=o fa0 


Ucnonp3ya cooTHomteHnua (2), (4), (6) nomyyaem CJIAY 


4; ti ZF ee ae * DA Any = TO: » W= 0.J... 
ae - jal (14) 
C2) 5S A22 s . 
dX) An + AAG + LA py — 0 3 M = |e tae 
f= j=) 


Pe Se stan Re a ee _ j2xInQ)m=0 
A® x [en(@)et lef KG A): c\(t)=cos(/); cf (7)= sinG}u,, = n/(2m) m #0 


MaTpUYHbIe BIeMeHTH! B (14) BLIPaKeHbI Yepe3s MHTerpaibl OT MlatKOM PYHKUMM M MOTYT 
ObITb JETKO BbIYeCIICHbI YACIICHHO. oe 

B ciydae gudpakuMu 93NeKTPOMarHHTHOH BOJIHbI Ha UAeaibHO TIpOBOJAUIeM 
UMIMHIpe aHaylOruyHo pellaswuch ypaBHeHHA: 


E- NonApH3alua (ACHONb30BaIOCh COOTHOMEeHHE 7): 


L(x, y') = op: | J (x, 2). YY Me, xy eC (15) 
C 


H- nonapv3ainsa (McTONb30BaIOCh COOTHOIMeHMe 8): 
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OG (xx VV _ 
MC 2)=SC V+ 41, (6,9) ZPD de, x ye 06 
c 


Jins HaxOXTCHHA# KPWTMYeECKUX UacCTOT MeTaJWIMYeCKUX BONHOBOJOB pelllasiMcb 

ypaBHeHus (15) , (16) c HyNeBOK NeBok “acTHIO. 
 VWUsnoxkenHbid MeTO, MOKeT TIPMMeHATCH WM QA BbITAHYTHIX paccenMBaTelen, 
HalpWMep BOJHOBOJHBIX MepeXOJOB . 

TexHuka. O1M3Kat K MeTOY NomyoOpalleHHa Oba UCNONb30BaHa WIA pelleHunr 
TpexMepHOH 3agauM - AMdpakunu TEM- sBonubl Ha MyeaibHO MmpoBomsulen cdepe, 
pacriosIOKeHHOM MEXAY MpOBOAAIWAX MWIOcKocTen . 

Ha pucyHke | nw300paxeHbl 3aBMCMUMOCTH MOsYyIA KOIPDULMeEHTAa OTPAaKeHWA OT 


IIPHMOJIMHEHHBIX Trepexog0B IMHO / MexXaY OBYMA MAOCKOMApasVIebHbIMU 


BOJHOBOMaMM C OTHOLWICHHeM BbICOT d,/a, =0.5. Kpupbie c KpyxKaMM TomyyeHb! Cc 


TOMOUWbIO W3OKCHHOTO MeTONa, KPHBble C KpeCTUKaMM TyTeM HMCMONb30BAHUA TeEOPpHu 
JJIMHHDIX JIMHUK. 

Ha pyucyHke 2 MIpMBeseHbl DMarpaMMb!s HalpaBsIeHHOCTH paccesHoro cdepamMu 
MOA B MAOCKOCTH MepneHIMKyIApHON BeKTopy E nagatoulero moma. CryoliHad KpMBas 
COOTBETCByeT cdbepe pacmoywoxXeHHOHW MeX*KAY MIOcKocTew, MYHKTMpHas - cdepe B 


CBOOONHOM ipocTpancTBe. PacctosHve mMexay mtockocramu 6/7 = 2.041, 4yactota 


f-r=686 (TT ut mm). 


Kak BYHIHO U3 pHcyHKa | oObINHaH TeOpHA JUIMHHBIX JIMHMA aeT 
YHOBICTBOPHTeEJIBHbIe MO TOUHOCTH pe3yIbTaTbl €CIM OTHOLIeHMe JJIMHbI Mepexoya K 
BbICOTe BOJIHOBOA TIpeBbilaerT 2. 

OkpaHupoBaHHad cepa (Puc.2) oOnanaer Oonee ocrpow AnarpamMmMon 
HalipaBJICHHOCTH IlO CpaBHeEHHIO C HeE9IKpaHUpoBaHHON. 


IV. 3aksovenne 
Ha ocHospe HOBOrO 9*MeKTHBHOTO MeTORAa MOMyoOpaleHuA MpoanantM3supoBaH IWMpoKnH 
Kjlacc UMIMHEpwueckux yrcpovctB CBU c HekoopauHaTHoH MopmMow NonepedHoro 
CeY€HAA, TAKMX KaK: BOJIHOBOJHbIC paccewMBaTesIM, BOJIHOBeTYWIMe JMHMM Tlepesayn. 
CienaH War K OOOOLIeEHMIO MeTOJa Ha TpeXMEPHbIe CTPyKTypbl. 


7 TIT TI = . ™ 





J -a40TlE um) 


Puc.1 Puc.2 
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AxHomauuna - PaccMoTpeHbl 3@KOHOMEPHOCTN OTpaKeHUA SNEKTPOMAFHMTHbIX BONH rpaHvliamMu pasgena 
NOrnowWarouux cpeg, OCOGEHHOCTH OTpPaxKGHMA M NOMNOWEHUA BONH MHOTOCNOMHbIMM M rpagMeHTHbIMA CTpykKTypamu. Paspa6oTaH 
nakeT nporpamM, NMo3sBONAWIWe PaCCUMTbIBaTh XAapaKkTepUCTMKY TakUx CTPYKTyp C YNETOM NPOCTpaHCTBeHHO-YacTOTHO 
ANcnepcun W NoTeph, a Taloke CHHTe3MpOBaTb MarHUTOAMSNeKTPUYECKKE NOKDLITHA C TpebyeMbIMU XapakTepUcTMKAaMH. 


1. BBegenne 


U3 BCEX BOSMOXKHbIX HEOAHOPOAHOCTeK NpM pelweHuM NpakTuYecKuX 3agay AucbpakuMu Yale Bcero 
BCTPGY4alOTCA pa3spbiBbl MW MMaBHble U3MEGHEHMA NoKasaTenA NpenomnenuvA. OHV NpUBOAT K BOSHUKHOBeHHMIO 
OTPaXKEHHEIX BOMH, KOTOPbIe UHTepdepupyior c nmagawujet BONHOH uw oOOpasyioT BeCbMa CNOKHYIO 
VNTeEPMepeHLMOHHy!O KapTUHy. B GonbuIMHCTBe NpakTMYecKnx CnyYaeB NPV NMpoBeAeHUM YMCNeEHHbIX pacueToB 
BaXKHO YUMTbIBATh BNUAHMYe OMVYeECKMX MOTePb B SMeKTPOAUHAMUYeCKUX CUCTeMaXx, NapaMeTpbl UCXODHbIX 
CMrHanos. 


Hl. OrTpaxkeHne IAC KTPOMATHUTHbIX BONH TpaHKliaMHh pasAena NOMMmouLawusnx Cpey 


U3BeCcTHO, UTO OTpaxkeHve OT rTpaHvls pasnena AByX cpey onpegenvAeTCA COOTHOLWEHKVEM MX BONHOBbIX 
conpoTusneHnn (Z=(m/e) 2? _ ans HenpoBopsiuero MaTepvana). Ecnu’ m uv e OfvHakoBbi, TO cCNOoW TaKoro 
MaTepvana OyneT ANA HOPMaNbHO Nagalowien BONHbI NOoMCOveM NycToro NpoctpaHctTBa. {nA yrnoB nageHua 
BONH, OTNVYHbIX OT HOPMasbHoro, XapakTep OTPaXKEHMA OT FpaHUibl NOMMOTUTeENA CyWECTBEHHO USMEHAeTCA. 
Ha ptc.1 npesctaBneHb! 3aBUCMMOCTH OT yrna nageHvA a MOAYNA KOSddDuLMeHTa OTpaKeHnuA R Ana E- 
NONAPVZOBAHHOK BONHb! MPH pasnWYHbIX 3HAaYeHVAX MapameTpa Z. MyuxumymM oTpaxeHuA npn Z=1 
cooTBeTCTByeT 3HayeHuio a=0°, np Z=2 - a ~ 60°, anpu Z=4- a ~ 75°. H-nonapu3oBaHHas BonHa npn GonbuUuUx 
yrnax NaQeHuA VCMbITbIBaeT 3HAU“NTeENbHOe OTPaKeHVe. 

CyYLUeCcTBEHHOe BNUAHMe Ha YPOBECHb OTPaxXEHHOrO CUfHasa OT FPaHULib! CbefAbl OKA3bIBalOoT HE TOMbKO 
aBconWTHble 3HaYeHUA AUSNEKTPUYECKON UW MaFHUTHOM NPOHVijaeMocTeuU, HO M MPOBOAMMOCTb cpesb!. Cnyyan 
HOPMa@sIbHOrTO MAaQeHNA SNeKTPOMArHUTHbIX BONH Ha rpaHnuuy pa3sgena nornoujaroulMx cpegq AocTaToUHo 
NOAPOGHO paccMoTpeH B paSoTe [1]. Ha puc.2 NoKa3saHbl 3aBVCUMOCTM MOAYNA KOSPCULMEHTa OTpaxKeHNA R 
OT NPUBEAEHHOK YacToTb! W=w*e/s=t/igd npvw pasnu4Hbix 3HayeHuvAx Z. E-nonapu30BaHHan 3neKTPOMarHuTHaA 
BONHa MagaeT Ha frpaHvuy NpoBoARWwen cpepb! nog yinom a= 60°. Ap sTOM MMUHUMYM KOSdCbULMeHTAa 
oTpaxKeHuA HaOniogaetca npw 2x2. XapakTepuctuxu ona H uv E- nonspu3zosaHHoro mona cosBnagaloT npu 
3ameHe Z Ha 1/Z. C yBeENuYeHNeM NPOBOAUMOCTH CpeAb! YPOBEHb OTPaxKeHUA BO3pPacTaeT. CnegyeT OTMETUTb, 
YTO MPV OTPaXxKEHMM BONHbI OT Cbefbl C M@THVTHbIMY NOTepAMNM FTpadukKN 3aBUCMUMOCTeH UMetOT AHAaNOrM4Hblu 
BUg. 


lil. HucbpakuncnHHble XapakTepuUcTUKK CNOMCTbIX ANSINEKTPKHKOB 


XapakTePUCTUKN CNOUCTbIX DWSNeKTPHKOB CYLUECTBEHHbIM O6pa30M 3aBUCAT OT COOTHOLUCHMA ANMHbI 
BONHbI CMrHana WU XapakTePHbIX pa3sMeposB, Ha KOTOPbIX NPOVUCXOAUT U3MeHEHMe NOKa3saTenA NpenomneHyA 
cpenb!. Ha puc.3a uv 36 NpuBeseHb! rTpacuKu YrNOBbIX 3ABUCHMOCTEM 3HAYEHUM KOSBMDULIVEHTOB OTPaKeHUA R 
VU CYMM@pHonW sHeprun A oTpaxKeHHOK MW NpowengWwenW H-NOoNApUZOBaHHOU SNEKTPOMArHUTHOU BONHbI AN cnoeB 
AMaNeKTpUKa PasNvYHOK TONLWMHEI d, umMerolux m=1, e=4 nv tgd=0.02. Ynuvna BonHbi curHana | BLi6paHa 
paBHou 0.61. Bce pa3mepb!l NPuBEAeHbI B OTHOCUTENbHbIX eAMHNYax. MUHVMaNnbHbIN KOSCCDULINEHT OTPa KEHNA 
Ha6nionaetcr ANA CTpyKTyp MMeMOWIMX TOoNWMHy (d=0.01) MHOrO MeHbLUUYtO ANWHbI BONHbI curHana. Npuv stom 
nornoweHve B cnoe nmpakTuyeckw oTCyTcTByeT. C YyBENVUYEHHEM OTHOCVTENbHOW TONLIMHbI CTpyKTYpb! 
KOSMMULIMEHT OTPaKEHUA CYLIECTBEHHO BO3PaCTaeT, A YONOBEHb MOPNOLWWEHMA ANA HeEpe3OHAHCHbIX CNoeB 
(d=0.1) ysenuuuBaetca AO 4%. B chyyae ONTMYeECKM TOHKUX CNOeB YPOBeHb NOFMMOWeHMA YBENUUUMBaeTCA C 
POCTOM TONLUMHbI OVsnekTpuka NpakTMYeECKH MNPAMO MpONopLyWvOHaNbHO. BO BCeX PaCCMOTPeHHbIX cNyyuaAnx 
rnoGanbHblA MaKCUMYM NOFNOWieHuA CooTBeTCTByeT AVaNa3oHy YTNOB MaKCUM@NbHOrO NPOXxOKAeHUA CHrHaNnoB 
Yepe3 rpaHvuy pasnena. ONTUMalbHoe (MaKCUMasibHOe) NOTNOLeHNe UMEET MECTO B CNOAX C PE3OHAHCHbIMU 
pa3smepamu. 3a cY¥eT yBeNvYeHnA NOMNOWeHVA aMNnNUTyYAa OTPAXKeHHOTO CUrHaNna CYLWIECTBEHHO YMEHblUaAeTCA 
VW MPM FOCTaTOYHO TONCTbIX CNOAX NPVGENUMAETCA K YOOBHIO OTPaXKEHNA OT TpaHULbl NonyGecKOHeEYHOU cpesbi. 


3 Marepuaani 6-4 Menaynapoanot Agemenol Maxposoanosol Renpepenunn AearheRa'96, 16-19 cenra6pn 1996 r., Cezacronoan, Kpvim, Yepauna 
84 Proceedings of 6th International Gramean PAécrowave Conference CxvHe2e'96. 16-19 September 1996, Sevastopol, Crimea, Ukraine 


Npenctasnvetca mepcnekTMBHbIM PpaccMOTpeHMe CTpyKTyp C MHOrocnoiHbIM NokpbITMem. B QaHHOM 
cnyuae pelwweHve ApvseneHko ANA TpexcnomMHoro gAMoneKTpuKa. Ha puc.4 mpvBemeHbI oTpaxkaTenbHble 
XAPAKTEPUCTUKU TDEXCNOMHOUM CTPYKTypb!, COOTBETCTBYIOLIeM OKOHHOMY CTeKNYy, MOKpbITOMy C JIBYX CTOPOH 
TEPNOHOBbIMU CNOAMU, ToMUWHa KaxKgoro cnon 0.1. B guanasoHe ANH BonH 0.5...0.75 mpw HOpManbHOM 
NaQReHWM SNEKTPOMArHUTHbIX BONH TaKan CTpyKTypa OGecneunBaeT ONTVMaNbHOoe CornacoBaHue CO CBOGOAHbIM 
NPOCTPaHCTBOM. 

fina oGecneyeHur onpeneneHHbIx xapakTepucTVK CUCTeMbl B 3a@faHHOM AManasoHe napameTpos 
3agaun HeoOxogMMo peluUTb 3agayy ontTumusaynn. Tpvmep pelweHwa 3anay4W MUHMMM3sallMN KOsdcbuLMeHTa 
OTPa KEHNA ANA TPEXCNOUHOM SKPaHUPOBAHHOM CTpyKTypb! NpueBeeH B paboTe [2]. 

Pe3ynbTaTbl peweHvA s3afa4uA ONnpegeneHuR NapaMeTPOB MOHOXPOMATMYECKUX CHrHaNOB B 
FPAAVEHTHO-HEOAHOPOAHOM MarHuTOAMeneKTpuke nmpuBeAeHb! B pabote [3]. Hanps»KeHHOCTM saneKTpo- 
MarHuTHbIX None CurHaNnoB oMmpepenAtoTcA c 3apaHee 3afaHHOM TOYHOCTbN, TPN STOM CNOMHbIA Npodunb 
noka3saTenA NPENOMNeHNA Tpaccb! MOAeENnupyeTcA CNOMCTbIM QuonekTpvKom. B paHHoW pa6ote B KaYecTBe 
npuMepa MpPUVBeAeHbI pe3synbTaTbl YACNeHHOrO MOAeNVvpOoBaHMA OTpaKeHNA MOHOXpomaTuyeckux (puc.5) u 
VMNYNbCHbIX CHrHanoB (pvc.6) OT chow HEOAHOPOAHOrO Nornouiatowero AMeNeKTpUKa. TOUHOCTb onpegeneHna 
NapaMeTpoB CHrHanoB nMopaAAKa 1%. Yron mageHuA E- monspv30BaHHbix BONH BbiIGpaH paBHbIM 15° 
rayCcCcOBCKMA VMNYNbCHbIA CurHan UMeeT ANUTeNbHOCTb 2T;=10 HceK, f.=1.05 flu. [uanextpux umeeT 


EAVHYYHYIO TONUWUHYy (BCe pasmeps! npuBeseHbI B MeTPAaX) MU Mpocbunb AUSNeKTpUYeCKON NMpoHuuaeMocTH 
Bua: 


1 x>0 
&= 41+ sin(-a-x/2)-exp(-2-x), -l<x <0, tgd= 0.1. 
1+sin(—2/2)-exp(-2), x<-—1. 


KpuBble, NpuBesAeHHbIe Ha puc.6 COOTBETCTBYIOT UCXOAHOMY CUrHany EAVHMYHON aMMNnUTyAbI, OTPAxKeHHOMY OT 
HEOAKOPOAHOrO Nornowjatoujero AVSNeKTPUKAa VM OrMGaloLuMM STUX CUrHanoB. OTparxkeHHbI MVMMYNbCHbIA CurHaNn 
MMeeT CpaBHUTeNbHO HeOoNnbLyYO aMMNUTyAy, YTO CBA3AaHO C MaNbIM YPOBHeEM OTpaxKeHUAR OT NepexogHoro 
ChOA NPM KOPOTKUX ANWHaX BONH, NOMNOLeHMeM MW pacrinbiBaHveM CUrHana 8B NPOCTpaHcTBe MW BO BpeMeHyY. GTO 
CBA3AHO C PE3OHAHCHbIMU ABNEHYAMY B AMoNekTpUYeCKUX CNOAX [4]. 


IV. 3axnioyeHne 


B paOote kpaTKO npoaHanu3upoBaHb! OCOGeHHOCTM OTPaXxKEHUA UW MOLNOWeHVA aNeKTPOMarHUTHbIX 
CUTHaNOB pa3sNnWYHbIX NoNApusayMN (B TOM 4YNCNe MW MMNYNbCHbIX) MarHvTOgManeKTpukamy, OGnagatoulumu 
noTepAMM. MpvBefeHb! pe3synbTaTb! YWCNeHHOrTO MOAeNMpoBaHUA BNVAHMA rpaHWul, MHOFOCNoOHbIX u 
FPAAVEHTHbIX NOTNOWAHOLUMX MarHUTOAMSNeKTPUKOB Ha MapaMeTPb! SNeKTPOMAFHUTHbIX CUFHANoB. 
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MULTILAYER ABSORB STRUCTURES 


Ostrovsky O., Soroka A., Shmat’ko A. 
Kharkov State University, Dept. of Radiophysics, 4 Svobody Sq., Kharkov-310077, Ukraine 
fel. (0572) 45-71-33 


The problem of E- and H-polarised electromagnetic waves reflection and absorption by the lossy media is solved. The optimum 


structure of an absorber is developed for the minimum number of layers. Space-time structure of electromagnetic field reflected by 
the multilayered structure is investigated. 
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ONEPATOPHbIV METOG B 3AD AYE 
HUDPPAKLMK SHAEKTPOMAIHUTHbIX BONIH 
HA NONYBECKOHEYHOU CUCTEME 
HUA®PAIM B MPAMOYTONbHOM 
BONHOBOAE 


C.A. Morapexun 
310077, Xapbkoe-77, ri.Ceo6odnl, 4, Xapbkoeckud eocyHueepcumem, Kadedpa qu3zuku CBY 
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AxHomauus - B paOoTe paccmoTpeHa craplwan KnaccuuecKon 3agaya o Aucpakyvn BONHOBOAHbIX BONH Ha 
NOMyOECKOHEYHOK cucTeme GeckOoHeYHO TOHKMX AMachparmM B NPAMOYrONbHOM BONHOBOgE, HaXOAALWUXCR B ANeNeKTpHKE Cc 
notepam. Vcriomb30BaH onepaTopHblid MeTO,4 B KOMNNeKce ¢ MeTOZOM NonyoSpaweHus onepaTopa sagauu. 


I. BBeneHne 


Sanaya oO ANcpakyWn BONHOBOAHbIX BONH Ha CucTeme AMadbparM B BONHOBOse NOVHAANEXKUT K yucny 
KNaCCUHECKUX VU ONPeAeNAeT YenbI KNacc KpaeBbIX 3afjay, AONYCKAIOLUMX TOUHOe peweHve. Ucuepnbipatoune 
PelUeHUA 3aqa4un AudpakUnn ANA OAWHOUHOK Auadcbparmbi uv cooTBeTCTByIOLyO 6uGNMorpadbuto MOXKHO HaiiTH 
B MOoHOorpacuax [1,2]. Metog 3aqaun PumaHa-lunb6epta, onupatoumiicn Ha cBefeHue COooTBeTCTBYIOLIen 
AUcPpakMOHHOW saya C MOMOLUbIO MHTerpanbHbix ypaBHeHMt K 3ama4e conpAyKeHUA aHanuTu4ecKux 
PyHKYUK, NOsBONMN HaviTH peLeHKe ANdpakUMOHHON sagaun ANA GeckoHeYHo nepvoguyeckoi cucTembI 
fuadparm [3]. B paSote [4] ovepyeH wWiMpoKMi Kpyr cbyHfaMeHTaNbHbIx KpaeBbIx 3agay, CpeAn KOTOPbIX 
BaxkHevlWee MeCTO 3aHuMaloT AMdpakyvoHHble 3agaun ANA pasHoro poga nonyGeckoHeuHbix CTPyKTYyp, 
UMEFOLUKe NPaKTHYeCKOe 3HAaYeHMe ANA MHOrMX NpnnoxKeHU. NpepnoxwkeHHbIA Tam MeTOM peweHuA TaKoro 
Poa 3afay ucnonb3syeT YacTuYHoe oOpailieHve onepatopa sceli 3agayuv, Npv KOTOpPOM OT cNOxKHOrO 
NPenATCTBUA CHavana OTAeENAeTCA OfHa NpOCTaA YaCTb, OMNepaTop pacceAHMA KOTOPON U3BeCTeH, a VCKOMbIM 
CyMMaPHbi OnepaTop pacceRHuA CTpovitcA Ha 6ase HapeHHOrO onepaTopa ANA OAMHOUHON Anacdparmbl c 
YYETOM MHOropa3soBoro paccemHua BONH. 

HacTosluan pa6ota nocsauweHa o6o6ujeHuto uger meToga [4] AnA peweHua sagaun o Aucbpakyun 
SNEKTPOMAFHUTHBIX BONH H@ CHOKHOM cucTemMe Auadparm, pacnonoxKeHHoW B AUaneKTpuyuecKoN cpene c 
NOTEPAMU B NPAMOYrONbHOM BONHOBOLE. 


ll. FloctaHoska 3saqayu ons H-nonapu3saunn 


byfemM paccmMaTpusaTb cTpykTypy, MoKasaHHyioO Ha puc.1. Myctb Ha nmonyOeckorHeuHyto cuCcTeMy 
MVHOYKTMBHbIX § Quadparm U3 NmonynpoctpaHctTsBa \z| >-—00 napaet H —nonsapusoBpaHHoe none, 
npeactapnAroujee coo cynepnosnyuio co6cTBeHHbIX BonH. Ha6op auacdparm Haxogutca B cpefe c 
Napametpamu €,,[,, fae €, = €, +16). OcoBbeHHoctblo vecnepyemoi cucTeMbI ABNAeTCA TOT cbakT, TO 


974 CUCTEMA, ABNAIOLUAACA CNOKHbIM MpenATCTBUeM, TpaHccopmupyetca cama B Ce6A NPM NpocTpaHcTBeHHOM 
cMeLeHMUM BAONb ocu OZ Ha nepvog LL uv or6pacbisanun ofHoro 13 NpenATcTBUM: PyHKWMK CNeKTpasribHbIx 


nnotHoctei B o6nactax Z > 0 u —h, < z < 0 ygosnetBopsiot ypaBHeHuaM: 


a=p q+7tb;c=p qt+p'b; b=é, Ré, c, (2) 


rae Tt - onepatopsi NpoxoxXAenua Yepes rpaHnuy Z = 0: 


T 7 Sin ZY mn! CY, Ys), o: = See A Ge ay cee 


Pp” - ONepaTops! oTpaxeHuA Ha rpaHuue Z = 0: 
Nie wae ome ~ 
Pie Oe et 


[2 2. > 2 2 
rae BBepeHbI OGosHauenua: Y,, = ke, —-&°; Y, =k’, — ©? -noctosuHble pacnpocrpanenua 


BAonb ocu OZ, R — onepatop otparkenua nony6eckoHe4Hou cucTembl Auacparm B AManextTpuke, @, - 


onepaTop NpeoOpa30BaHuA aMNNUTyA BOMHOBOAHbIX FaPMOHMK NPM CMELUEHMM MnocKocTM Ha6miopeHua K 
mnockoctu Z = 0. 
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NocnenopaTenbHocTh HaxoxgeHvA cyMMapHoro orepatopa A, sxogmwero B ypaBHeHnaA (2), TaKoBa. 
Ona BeKTOPOB AaMNNUTYA BONHOBOAHbIX TAPMOHMK MOKHO 3aNVcaTb ypaBHeHuA chepAyrouwero Bua: 


b = @Féc+ 1B; C = 1€,6+7B; B=@ REC. (3) 


B ypapHeHuu (2) onepatopp! fu F sBNAlOTCR onepaTopaMu MpoxOKAeHUA KM OTPaKeHUA OAUHOUHON 
nuacbparmbl, pasmMeweHHon B AvanextpuKe. Vcxniowwe B,C,5 npu cmeujexnuu spon ocu OZ Ha nepuog L, 


~~ 


NONyYNM HeMMHeHOe ONepaTOpHoe ypaBHeHNe BTOpPOrO pogja OTHOCUTENbHO onepaTopa R: 
R=F+7( —é@Ré@Fr)'éRét, (4) 


roe J - eAuHuuHbiid onepatop. OTmeTum, 4To ypaBHeHve (4) mpeAcTasnazAeTt co6oK HenuHelHoe OnepaTopHoe 
ypaBHeHue. finn ero pelwleHuA BO3MOXxKHO UcnNonbsoBaHve MeTOAa HbtoTOHa [5]. Mpeactasum (4) B Bugze 


f(® = 0, me f(R) = R-F-7FU — @REF)' REF v8 cootsetctann co cxemoi MeToga HbioTona , 
6yeM CTPOUTb NocnepoBaTenbliible NPUONWKEHUA K PELUEHMIO: 


R,,=R, -U'(&,) SRI. (5) 


7, 


Takum o6pa3o0m, 3agaya Ha NepBom 9sTane COCTONT B NOCTpOeHMM ONepaTopoB ru ft eguynunon 
Qvacdparmbl. 

PaccMOTpum peweHve KMOUeBON 3aaNn OT OTPaKeHNN CreKkTpa BONHOBOAHbIX BONH OT OFMHOYHON 
fivacbparmb! B BONHOBOse. MpepActaBum napatouiee none B BuAe cynepno3sniynun COOCTBeEHHbIX BONH NycToro 
BONHOBOAa, ONPEAENEHHbIX C NOMOLbIO COOTBETCTBYOLLIMX BekTOpos | eptja: 


IL = >°C,,, cos(mnx / 2a) cos(nmy/ 2b)e"",, (6) 
m=0 


rne o6osHayeHo A, = 4/(mmn/ 2a)” + (nn/ 2b)’ —k*en, k=2n/%. Ygosnetaopus coorsetcTByi- 


LUMM fpaHV4HbIM YCNOBMAM Ha CTeHKaX BONHOBOAa vw Ha AMadparmax, a TatoKe, OOecneuNB HeENpepbiIBHOCTb 
TAHTeHUVAsIbHbIX KOMMOHEHT none Ha wenv, nerko npuiTu K CHCTeMe YHKLVOHaNbHbIX ypaBHeHil 
cnenyrowero Byga: 


3 T.,, sin(mnx / 2a) = Ox < h, 


m=—00 


(7) 


YD Funan Sint | 2A) = 2) Arg, Sin(Tx / 2a), 





x > h, 


CoBepuleHHO OYeBYQHO, YTO, VCrioNb3yA NPUHYMN 3epKaNbHOrO OTPAKeHVA, MOKHO NepeliTH K NnepnoAuyeckon 


cucTteme auacbparm Toro *e pasmepa B NNOcKOCTH Z = O cnepvogom L = 2a. Cuctema cbyHKUVoHanbHbix 
ypaBHeHuii (7) aHanoru4uHa CHCTeEMaM CPYHKUMOHaNIbHbIX YPABHEHM, PaCCMOTPeHHbIX B [3]. VU, ucnonbayA 
cbopmanu3m MeTogia 3agaun CONPAKeHUA aHANMUTMUYeCKUX CyHKYMK (uNM MeTOAa 3ana4n Pumaua-l unb6epta), 
cuctemy cbyHKUMOHaNbHbIX ypaBHeHui (7) HeTPyAHO CBeCTU K GeCKOHEYHOM cucTemMe NUHeNHbIX anreOpa- 
NYeCKUX YPABHEHM BTOPOrO poga C MATPUYHbIM ONepaTopom cpeAronbMoBoro Tuna. KoMNbIOTepHbIN aHanns3 
TaKux anre6pavyeckux cucTem He NMpegctasnaAeT ocoObix TpyAHOCTev, mM peweHve (Habop amnnutyg 
BONMHOBO,HbIX FADMOHNK) MOXKHO Hat Cc MOGoO Hanepes 3aMaHHOW TOUHOCTbW. 


o. 


Hl. 8axnioyweHne 


PaccMOTpeHHbi Mogxog, CBA3AHHbIA C paccMOTpeHeM cNOxKHOrO NMpenaATcTBMA Kak HeKOU 
CYNepNosvuVi SNeMeHTapHbIX HeEODHOpPOAHOcTe uM HaxXoKAeHVeEM ONMepaTopa pacceAHuA snemMeHTAapHoro 


npenatcTeua, T.e. peweHvem “KnioveBoi” 3anauv, ABNAeTCA 3cbcPeKTMBHbIM VHCTPYMeHTOM ANA peuleHun 
BaKHbIX ANA MDUNOKeHUU 3anay Avucdpakunn. 


IV. JutTepatypa 
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yH-Ta, 1973.- 287c. 
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OPERATOR METHOD IN PROBLEM OF EM WAVES DIFFRACTION ON SEMI-INFINITE 
DIAPHRAGMS SYSTEM IN RECTANGULAR WAVEGUIDE 


Pogarsky S.A. 
Kharkov State University 4 Svobody Sq., Kharkov-77, Ukraine 
tel. (0572) 457278, E-mail: shf@edu51.kharkov.ua 


The problem of wave beam diffraction by semi-infinite diaphragms system in rectangular waveguide is discussed. Using the specific 
peculiarities in semi-infinite structure one can find a solution of diffraction problem in the expansion form by some system of basis _ 
functions which are the scattering operator functions in definite sense. Carried out numerical experiment shows that such way 

connected with compound obstacle observing as some superposition of elementary discontinuities and the seek of “elementary” 
obstacle scattering operator is an effective method for solving of diffraction problems which are important for different applications. 
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AuHomauua - B paSote npescTaBnenb! pe3ynbTaTbl SKCNepUMeHTaNbHE!X HCCNeAZOBAaHW MHOFOMOAOBbIX Pe3sOHaTOpOB, 
BbINONHEHHbIX H@ OCHOBE OTPeSKOB MeTannvNeckMX BONHOBOYZOB NPAMOYyrOMbHOFO MoMepeyHoro ceyeHnA. UccnegoBanbl 
cnoco6pl BOs6yxXeHUA MHOrOMOAOBbIX pesoHaTopos. Moka3zaHa BOSMOXKHOCTb NONyYYeHUMA CNeWWarbHOrO pacnpeseneHuA Nnons 
BHYTpY pesoHaTopa, YAOBNeTBOpAtoUero KPHTepuiO PABHOMePHOCTU. 


|. BBenenne 


MHoromosoBble pesoHaTopb! (MP) LuMpOKO UCNoONb3yloTcA B TexHukKe CBY. OgHako, ocbdexTMBHOCTb 
UX VCNONMb3OBaHVA ONpeAenAeTcA pagom cbaktopoB. OHM U3 Takux dakTopoB ABNAeTCA dakTop 
DABHOMEPHOCTH NpocTpaHCcTBeHHOrTO pacnpeneneHvA cnekTpanbHbIx mnoTHOcTeA suAoB Kone6baHni, 
BO3OyKDaeMbIX B pesoHaTope. COBEPWeHHO OUeBYAHO, YTO, ecnu reomeTpuyecKMe paaMepbl pe3soHaTopa 


CYLUCCTBEHHO MpeBblwiatoT pabouylo ANWHY BONHbI reHepaTopa Ao B TakOW enekTpOAVHaMMYecKON cucTeme 


BO3MOxKHO CYLUECTBOBaHve Lienoro cnektpa cOOcTBeHHbIX Kone6aHvi. Yncno Tunop KonebaHnui N wu 
MNOTHOCTe pacnpefeneHuA sTUX THMOB Ha YacTOTHOM och OyAyT ONpeNeNnATbCA COOTHOLUEHKEM 


FEOMETPVUYECKUX PAasMePOB Pe3OHaTOpa UW ANWHOKM BONHbI Pox M3specTHo [1], YTO MaKCAManbHOe Y4uCcNO 


BO3MOKHBIX THNoB KorieGaHui N, B nonoce yactot ot f, no ff, +df, moxeT 6biTb onpefenero 


dN 4z ,, 4m 
BbIPaKeHKeM: = —— =~ —— fi V=u-— te SX, ¥)Z,. YBENUYeHVe OTHOCUTENbHbIX pasMepoB pesoHaTopa Vu 
p TY = ZT So OX N02: pasmMepoB p p 
df, c¢ C 
yBenuyeHve YNcna BBOAOB SMeKTPOMArHUTHOKW sHeprun (nuOo UCcNoONb3s0BaHVe cCUcTeMbI N3nyyuaTenen) 
MO3BONAeT CYLUECCTBEHHbIM oOOpasom npvonu3sutecHh kK BbINONHEHMIO 8 KpUTepYA =6paBHOMePHOCTU 
NPOCTPA@HCTBEHHOrO pacnpeAeNeHUuA CNeKTPaNbHbIX NNOTHOCTeH B OObeMe pesoHaTOpa. Kpome Toro, c 
BOMpOCcOM NNMOTHOCTM pacnpeneneHur COOcTBeEHHbIX THNOB KONeOaHvK Ha YACTOTHOKM OCM CBA3aHO peiveHne 
ellie OHOM TexHNYeCKONW 3afaun - sagan cornacoBaHuA reHepaTopa WM Pe3OHAHCHOUW KaMepbI B paboYel 
Nonoce yactot. Yem Onvoxe gApyr K Apyry W paBHOMepHee NO wWKkane YaCTOT pacnonoxKeHbl Pe3OHaHCHbie 
4YaCTOTbI COBCTBEHHbIX KONeSaHnk, TeM NOW MEHbLUUX NOTEPAX MOKHO OSeECNneYUTb NepekpbiTNe PE3OHAHCHbIX 
XapakTepMCTVK OTAeNbHbIX THMOB KONeObaHui, a, CNegoBaTeNnbHO, QoOuTecA cornacopaHuA reHepaTopa c 
Harpy3Kon. 


Hl. AccnegosanHne pesoHaHCHOM KamMepbi 


HavBbonblee pacnpoctpaHeHive u3 snemMeHToB BO36yxKAeHVA NMonyunnu MeTannuyeckMe WTbIDPU NUG6o 
wenu B CTeHKax pe30HaTopa. B faHHOU padote npeAnaraetTcH B KaYeCcTBe snNeMeHTa BO3sbyxXDeHMA 
UCNOsb30BaTb MONOCKOBLIN KN3Ny4YaTeNb KBa3u-KpyrOoBOK NonApMsalMn. Takow nu3anyyYaTenb oObecneunBaeT npu 
OMHOM BBOe sHeprun Bo3s6yKmeHVe GSonbluero uncna KoneGaHvi mo cpaBHeHHlO ¢ CYyLeCTBYIOL.MMH 
cnoco6bamu Bo3sbyxKReHuA. UccnegoBpancaA pesoHaTop B BUuge Napannenenunena c reomeTpnyueckumu 
pasmepamu: 240mm*210mmM*360mmM Mpw pasnvyHbix cnoco6ax Bo36yxKgeHvA: 1) OTpe3sKOoM MpAMOYyroNbHorO 
BONHOBOAa, NOACOeEAMHAeMOrO Yepe3s oTBepcTMe B OSOKOBOU CTeHKe; 2) NMONOCKOBbIM MW3nyYaTenem, 
BbINONHEHHbIM B BUGZe QNCKa, CBASQ@HHOFO C OTPE3KOM KOaKCKHaNbHOM NMHUM. 

B MpoBefeHHbix UuccnegoBaHVAX UCNoONMbs0Banuch ABa TUNA Pe3OHAHCHbIX KaMeP: pe3OHaTOp Cc 
magkuMu CTeHKAMU UW pe3sOHaTop, Y KOTOpPOrTO ABe CTEHKUY, NpuNnerarowwanr K CTeHKe Cc Uu3snyyYaTenem uv 
NPOTMBONONOKHaA OT W“3anyuaTeNnsA, BbINONHANUCch peSpuctbimv c peGbpamMu pa3snun4uHOU BbICOTb! UW Ppa3NM4HbIM 
DaCCTOAHMeEM Medkgay BeEPpLuMHamMN peep. Kpome Toro, B MaKeTe pe3sOHaTOpa UMENACb BO3MOMKHOCTb CMELUEHUA 


TOUKH BOSBYXAEHUA OTHOCUTENbHO LIEHTPa OOKOBON CTEHKY MO ABYM KOOPAMHaTaM Ha BENMWYWHY PaBHy1O Bes 


re A, - AfuHa BONHbI reHepaTopa. 


B skcnepumMeHTe Vicnonmb30BancA HeHarpyKeHHbIM pe3soHaTOp, a cTeneHb ero Bo3s6yxgeHuA 
onpefenanach no “vicny TunoB KoneGaHui, BOSHVKalOLUMX B OO beMe pesoHaTOpa, YTO cbuKCHpOBaNoch Ha 
9kpaHe aBTOMaTMYecKoro u3mMepuvTenA KCBH u ocnaGneHua. OxcnepuMeHTanbHO ycTaHOBNneHo, YTO B cnyyae 
VACNONb3s0oBaHNA B KayeCcTBe U3aNyYaTeNnA OTKPbITOTO KOHWa BONHOBOAa, YMcno KoneGbaHMH npn Bapvalun 
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MECTONONOKEHUA WEHTpa BONHOBOAA KONebanock B Npegenax 6-9 npv TeopeTHYeECKN BO3SMOKHbIX 74 THNAX 
koneSaHnui. A npuw vcnonb30BaHvw MonockoBoro usnyyaTens KBagpaTHOW cbopMbl Cc KBa3v-KpyroBoi 
nonApv3sayver uncno BosbyxKAaemblx TuNoOB KoneGaHnii Npu BbISope ToUKM BO3s6byKeHNA AOCTUrano BeENuUUHbI 
11-14. 

Npv vcnonbs0BaHMu HarpyxKeHHOro pesoHaTopa OGHapyKMBaeTCA 3ABVCUMOCTb COmacoBaHuA KaMepbI 
uM reHepatTopa OT NONOKEHVA Harpy3kKU MW BeENUYHbI Harpy3Kv. finA yMeHbLUEHUA BNUAHWYA STUX occdeKToB 
npeanaraetcrR BbINONHATb OAHY U3 CTEHOK (NPOTMBONONOMKHYHO OTHOCKTEMbHO CTEHKM C u3nyYaTenem) B Buse 
peOpuctow cTpyktypbl. ViccnegospaHuam nopBeprnach peOpuctan noBepxHocTb c pe6pamu TpeyronbHoli 
COpMbI UW HanpaBneHvem Napannenbybim NNOCKOCTU CTeHKU C NaNnyYaTenem. 

Pny6una peGep u pacctonive Me KAY HMMM OKa3bIBaloT CYLUeCTBeEHHOe BNUAHKVe Ha NpoLwecc 
BosOyxqeHuA cneKTpa cCOOCTBeHHbIX KoNeOaHHii, Np 2TOM xXapaKTepHbIM NMpwvsHakom yBenu4ueHnA 


MHOFOMOAOBOCTH ABNAETCA CHWKEHVE YPOBHA Pe3OHAHCHbIX KpNBbIX (KCBH<1.3) wu ux pacwupeHue no 
YacToTe, YTO CBUACTENbCTBYeT O BOSOYKAEHMY BbIDOKAEHHbIX THNOB konebaHni. 


Hanuyne ofHon pe6puicTohw cTeHKn c rny6uHoK pedep Ao / 8 uw pacctonHvem mexpy pe6pamu 


paBHbIM Ae / 4 NMpw oTHOCUTeNbHO AOCTOAHHOM NonoOKeHYM VU3nyYaTenA yBenvunBaeT uVcnO TunoB 
KoneOanHun Ha 6-8 eAUHHL. 

Npopegenubie uccnesoBaHuAr noka3zanu, YTO, ECNV B pe3OHaTOpe BbINONHUTb PeOpUCTbIMN ABE CTeEHKM 
- Npwnerarolulyto K CTeHKe C u3nyYaTenem MU NpoTMBONONoMKHyto, TO B AvanazsoHe Apelicha YacToTb! reHepaTopa 
BosOyxKAaeTcA 24 BbIPOKACHHbIX TuMa KoNeBaHui (npu stom KCBH paBHo 1.3-1.50 u 7 HeBbIDOXKAeHHbIX C 
KCBH 6onee 3.5). 

Takum o0pa30mM, UMeeTCA 3HaYWTeENbHbIN BbIVTpbIL NO CPaBHEHVIO C pe3soOHaTOpom c rmnagKknmy 
CTeHKaMM. COOTHOIleHve Yvcna TunoB KonebaHui rnagKoro uU peBpuctoro pesoHatTopos, duKcupyembIx Ha 
ekKpaHe wamepuTena KCBH oxono 3, OQHaKO BUA Pe30HAHCHbIX XapakTepucTuK uv rnyOvHa NpoBanoB fo 
SHAYeHMA 1.3 NOSBONAeT KOHCTATUPOBAaTb, UTO OGLUee YUCNO TuNoOB BOs6yxKAaeMbIxX KoneGaHvii B uccNefnyemMomM 
PE3OHATOPe 3HAYUNTENbHO Oonblwe. PesynbTaTomM STOrO ABNAeTCA paBHOMepHoOe pacnpeseneHve mnoTHOCTH 
SHEPrMN BHYTPM PesoHaTopa. 

OnuicaHHbiid acdbcbekt MOXKHO NPOMNNiOcTpupoBaTb pe3synbTaTaMU VaMepeHViA NapameTpos pesoHaTopa 
MPU BapMaluW MeCTONONOKEHMA Harpy3KU BHYTPU pesoHaTopa. [Ina ypoOcTBa oTcYeTa MeCcTONONOKeHUA 
Harpy3kKW HO pesoHaTopa YCNOBHO pa3zOuBaeTca Ha KBafpaTb! KOOPAMHATHOM CeTKOM Cc MHTepBanom 10 cm. Npu 
STOM OTCHeET BefeTCA CO CTOPOHb! GOKOBOM CTeEHKM UW CTEHKU pe3OHaTOpa, NPOTMBOMONOXHOM cCTeHKeE C 
usnyyatenem. Tak, Hanpumep, 3HaveHve KOOpAUHaTo! (2,3) OsHaYaeT, UTO Harpy3Ka HAXOANTCA Ha paccToAHuu 
20 CM OT 6OKOBOH CTeHKU U4 30 CM OT TOpUeBON. 

Ha puc.1 npvBegetb! sHayeHuA KCBH pe3soHaTopoB B 3aBYCMMOCTM OT 4YaCTOTbI Npu Bapvaunn 
KOOpAUHaT WeHTpa HarpysKn c €& = 80 un Maccoi Harpy3Ku m= 200r. Ha ueHTpanbHo YacToTe reHepauun 
reHepaTopa paBHow 2500 Mi KCBH u3meHsetca B npegenax 1.3-2.1. AHanuaupyA xapakTepuctuKu (KpuBbIe 
1-4 ANA pasnvuHoro = MecTOoNONOxKeHMA YeHTpa Harpy3ku) BYAMM, YTO camMoe HebnaronpuATHoe 
MecTOnOnoKeHve CooTBeTCTByeT TOUKE C KOOpPAMHaTamMu (3,3) - KpuBaA 3. MoxHO paccuntaTe 
HEPaBHOMEPHOCTb BENUYMHb! MOLUHOCTU, NOTpeONAeMOK Harpy3KON, BOSHUKAIOLUeH B pesynbTaTe pasHUlbl B 
BENMYKHe OTpPaxKeHui Np BAapNallUN MeCTONONOMKeHYA Harpy3ku. 


2 2 
ATA i/o N) |e N ar aqy, 
is k, +1 k, +1 


& 


rae ie - MOLUHOCTh reHepatopa: Bp - MOLUHOCTb, BbIZenNAemMar B Harpy3Ke npu KCBH=k, B,- MOLLHOCTb, 
Bbigenaeman B Harpy3Ke npu KCBH=&,. 


Npu MakcUManbHbIX POA@HVYHbIX 3HAUeHIAX k, = 21H k,, = 1,3 HepaBHomepHocTb nornouweHua 


MOLIIHOCTM B Harpyske cocTaBnaert 10,9%. Ecnu uckniouutb Toury (3,3), KoTOpan ABNAeTCA NpakTMYecKn yrnom 


pesoHaTopa, TO HEPaBHOMEPHOCTb NOMMOLWeHUA MOLUHOCTU OyfeT ONpeneNnATECA BenvuunHamu KCBH pasBHbimu 
COOTBETCTBEHHO 1,3 4 1,5 UV KOMUYECTBEHHO UCUUCNATLCA BENMUNHOU 2,3%. 


lll. Saxmtoy4eHne 


Takum o6pa3om, mpesnaraemas KOHCTpPyKLMA pe3oHaTopa uw cnoco6 ero BO36yKHeHUR ABNAeTCA 
BECbMa S@cbekTUBHbIM. HaHHbI MHOFOMOAOBbI pesoHaTOp C paBHOMePHbIM pacnpeneneHvem ChekTpaNnbHOU 
NNOTHOCTU NoNA MO OObeMy MOXKET HATH LUMpOKOe NpuMeHeHve B TexHuke CBU vna ueneli co3sganua 
ycTaHoeok CBY Harpesa u cyweK. 


IV. Cnucok nutepatyppl 
[1] CBY sHepretnka, 4.2./ Mog peg. 3. Oxpeca.- M.: Mup, 1971. 
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MULTIMODE MICROWAVE RESONATORS EXCITING 


Pogarsky S.A., Zvjagintsev A.A., Saprykin |.1., Shaulov E.A., Trufanov B.D. 
Kharkov State University, 4 Svobody Sq., Kharkov-77, Ukraine 
tel. (0572) 457278, E-mail: shf@edu51.kharkov.ua 


Multimode microwave resonators are widely used in the modern super high frequency technique. The traditional methods used for 
uniform electromagnetic field distribution based on mechanical disturbance of eigentype oscillations or on multiinput energy 
principle, are not effective in the required degree. There is another principle in investigating construction. In the investigated variant 
of multimode resonator the required effect provides electrodynamical system of modernized resonator which has one or two rib 
walls. The exciting is executed by microstrip radiator with quasi-circular polarization. 


KCBH 





PS 
naa 
2300 2350 2400 2450 2500 2550 #2600 
Puc.1. 
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B3AMMOSREMCTBYME BONHOBODHbIX 
V3nY4ATENEX B PEWETKE, 
PACNONOKEHHOV HA FPAHU 
BECKOHEYHOFO KIIMHA 


E.M. Mpusanos 
HUUKA, 340004, Honeux, Bamuweea 2 
mer. 0622-585484 





AnxHomauus - FipegnoxeH HoBbii cnoco6 anre6pavzayyn MHTerpoAnddepeHUManbHbIX ONepaTopoB,  KOTOPbIN 
PAaCCMOTPeH Ha MpHMepe pelleHvA KpaeBow sagaun ANA KOHEYHOM PeWeTKM NPAMOYFOFIbHbIX BONHOBOAHbIX vanyyaTeneny, 
PacnonoxeHHoK Ha rpaHy BecKoHeYHOro UAearbHO NpoBogRiwero KNVHA. 


|. BBenenne 


CyujecTBo cnocoGa 3axniouaeTca B cnepyioljem. OnektpoMarHUTHoOe Tone B pacKpbiBax usnyyaTenel 
3anUcbiBaeTcA B BUAe ABYX CharaeMbiIX - OCHOBHOrO TvNa BOMHbI MW CYMMbI BbICLUUX TVMOB BONH: 
npeanonaraeTcn, “TO 3a CcueT AMdpakUMOHHbIx ABNeHV Ha peOpe KNVHAa B packpbiBax uanyyaTeneli 


Hp Hp e,h 
Bos6yKpaloTcA aMnnuTyab! B . B . OyHkyuA [puna sagaun npepctasnretca B BYE CyMMbI ee 


PaBHOMEPHOHW MU HepaBHOMepHOL YactTe;. 
ll. OCHOBHAaA 4YaCTb 


Ha ocHoBpe ofwero peweHva rpaHvuHo sagauu ANA aToro cnyY¥aA c Ucnonb3oBaHvem 
MOANDULMpOBaHHoro — MeToga by6HoBa-Fanepkuna [1,2] BbIBOAATCA ypaBHeEHMA cBA3H gna pewerKu 
visnyyYaTenel, pacnonoxKeHHou Ha BeCKOHEYHON nnocKkoctn, 


x hp e P 
i4na ay (4, ea B,) = 2, I(4 9-4 By\C+ Bip Cop ant ;ByyrCop|th 
ip 


rab , ee h by 
; 9) (am Bip-¥ B-Boy) = z (4,4 Bp) Crop + 
tp' 
hi Lp é Pp 
+ BaG tt' pp' im a a? 7B re ft'pp' ; (2) 
arab ° h Lp e Pp 
j= —(B,-Bt)-07,BS,) = > (Bi Coe *7 By Bar Coypr): (3) 


tp' 
Hp Hp e,h 
Wana KOMNNeKcHbIX aMnnuTyA «=O, iB 


: Hp LH p Hp ~ h LH p 
eat fA ay Bip poe 2 (4, + B,)Cn ar Bp Cop + Bip C ipp' + 
P 





4 Hph > 4 € HP Hpe 
B C pp’ By C tpp' + Bip C wp’ : (4) 
A ab Hpe Hph LH p Hp 
: y) Piatt “Vp PB, Bep 7 y (4,4 BC+ Be Cro t 
tp' 
h Ly p Hph e Hp Hpe _tp' 
15 By Cw pp’ + By C wt pp’ " mn sf t ( {p' Cit! pp' + Bip Cw pp’ (5) 
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mab 


pe uph Po. <: h Lp 
72 B..ae -ayy,B.) = > IB, Corp 
tp' 
4 ; Hph > ne B ( é Hp Hpe ’ ) 
Bip Caa'pp'* 7; ul By Caq' pp + By Cag pp’ oy 


lit. Saxnioyuenne 


MogvduunpospaHtbiA meTton By6xHoBa-lanepxuHa no3sonun B Nnesol yacTM KaxgoKW u3 cucTeM 
YPaBHGHY B ABHOM Buse BbILeENVTb aMNNUTyAbl BONH, OOYCNOBNeEHHbIX AVCPAaKUMOHHbIMY ABNeEHVAMM Ha 
pe6pe KrivHa, AMNNUTYObI OCHOBHOrO WM BbICLUETO THMCB BONH, T.€. KONMMYECTBEHHO ONUCaTb dusnyeckne 
ABNEHMA, NPOVCKOAAUINe B PackpbiBe usnyyaTena - BOsOyKAeHKe BONH, OOYCNOBNeHHbIX MQNdpakWOHHbIMM 
ABNEHWVAMM Ha peOpe KNMHa, OTpaxKkeHve, u3anyYeHve U BIAUMOAEMCTBUe BONH OCHOBHOSO MV BbICLUMX THNOB, 
BOSOYXAEGHNe BRICLUUX THNOB BONH. Takum o6pa30Mm, CUCTeMbI ypaBHeHuu "pasAenunuch". 

C noMousbto (1)-(3) NonyY¥eHo BbIpPaKeHNe ANA NONHOM NpvBeAeCHHOU K PaCKPbIBY KOHEYHON pelueTKH 
MNPOBOAUMOCTH BONHOBOAHOTO w3ny4aTenA B BUYAe CYMMb!, KaKQoOe U3 CNaraeMbIX KOTOPOM sABNReTCA 
NPOM3BEQeEHVeM MHOXVTeENeH CKAHUPOBaHMA VW packpblsa [2]. U3 CpaBHEHVA pacHueTHbIX AAHHbIX COmMmacoBaHnA 
4 CBA3K MexKAy vanyuaTenamMu c paHee onyOnnkKOBaHHbIMM SKCNeEPVMeHTaNbHbIMM AaHHbIMM [3,4] BUAHO Ux 
xopoluee coBnafeHuve. YcTaHOBNeHO, YTO “KpaeBon acdbcdexkt” B KOHEYHbIX PELUETKAX ECTECTBEHHbIM O6pa30M 
YYUUTBIBAETCA NDOBOANMOCTbIO u3snyYatTenA. UccnegoBaHve BKNaga Avdpakluu Ha KpomMKe B CornacoBaHue 
vanyyatena [5] nmokasanu, TO NONYYeHHbIE COOTHOWEHMA MOFyT WUMPOKO UCMOMb30BaTbCcR ANA pacyeTa 
cornmacopaHua usnyyaTeneA peanbHbIX KOHCTPYKUMA @aHTeHHbIX pelweToK. MpeanoxKeHHbIA crocod 


anreOpan3aunu uHTerponucdcepeHunanbHbIx OMepaTOpOB MOXKeT HaMTM NPUMeHEHMe NPM PelWeHUN KpaeBbIx 
3aflay MaTeEMaTUYeCKON. CU3KKU. 


IV. Cnvcok muTepatypbi 


[1] Mpvsanop E.M. Mertogbi pewienus KpaeBbix 3agay ANA pelweTOK BONHOBOAHEIX uanyyaTenen. OO30p. - M.: BAMU, 1985. 
[2] Tpuvpanos E.M. - Cpegctsa casa, 1983, N1. 


[3] Npveariop E.M. - B KH.: PaccenHue anexTpomarHvTHbix BONH. TaraHpor: TPTH, 1985, Bbin. 5. 
[4] Aiisen6epr .3., AmnonbcKui B.T., Tepewmy O.H. AXTeHHbI YKB. Nog peg. F.3. AizeH6epra 4.1 - M.: CBa3b, 1977. 
[5] Mpusanos E.M., Casenbes B.B.- B kH.: Pacceste asnexTpoMarHuTHb!x BONH. - TaraHpor: TPTV, 1985, Bbi.5. 


INTERACTION OF WAVEGUIDE RADIATORS 
IN THE GRATING DISPOSED ON THE SIDE OF INFINITE WEDGE 


Privalov E.M. 
Research Institute of Complex Automation, 2 Batischev St., Donetsk-340004, Ukraine 
tel. (0622) 58-72-54 


A new method of integro-differential operators algebraization is proposed. It is considered on the example of solving a boundary 
problem for the finite grating of rectangular waveguide radiators, disposed on the side of infinite wedge with ideal conduction. The 
relationship equations for the grating of radiators disposed on the infinite plane and relationship for complex amplitudes caused by 
diffraction phenomena on the wedge rib are made. An expression for complete conductivity leaded to an opening of the finite 
grating is presented in the form of sum, every item of which is a product of scanning and opening multipliers. The calculated data of 
radiator matching and relationship practically coincide with experimental data published earlier. 
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VCCNEHOBAHME Mone 
BBNM3M KAYCTUKY 


Vif. Ko3snos 
HUY TIM2 MAY, BorioxoniamcKoe wocce, 4, Mockea-12581 0, PP 
Make (095) 158-0367, E-mail: RIAME.MAI@REX.JASNET.COM 


AxHomatusa - PaspaSotaHHbii aBTopom meTog camocornacoBaHHbIx KOHeYHbIX pasHocTev ANA pewleHvA BONHOBOrO 
ypaBHenua d°E/d(kz)+ e(kz)E=0 vucnonb3yetca B UCCNeAOBAHUAX SNeKTPOMArHUTHbIX none BOnuan KaycTuKw. B metoge 
NepemMeHHbIM War M0 apryMeHTy (kZp+1-KZ,) COrmacoBaH C V3MeHeHKeM AVSNEKTPVYECKON NPOHMLaeMOCTH e(kKZ) B OAHOPOAHbIX 
ROACNOAX, UTO NOSBONACT COKPATUTb KONUYECTBO HE3aBUCMMbIX MapaMeTpoB peweHuA ANA KOSCPCPULWeHTa OTPpaKeHHA BONHbI. 
Viccnepytotca BIMAHMA ManbIx notepb u cna6oii HEOAHOPOAHOCTH CpeAb! BAONb cnor. Ons HOpManbHoro nageHuA BONHbI Ha 
CNOW NOKasbIBAeTCA KaYeCCTBEHHAR 3ABUCUMOCTh PeWJEKMA OKONO HYNA € OT ManbIX U3MeHeHHU NapameTpos. flaetca xpuTepvii 
NOABNEHUA BONHbI BAONb criog. 


|. BBeneHne 


NpuBefevkble Hamu B [1] pesynbTaTb! vccnepoBaHnA OTPAKEHNA HOPMANbHO Nagaouwien MNnocKon 
SNEKTPOMArHVTHOK BONHbI OT MNMOCKOrTO NVWHeHOrO CNOA Ausnektpuka 6e3 NoTepb NPOV3BONbHOU TONUMHbI 
np ¢>OQ nokasbiBaioT, YTO BONHA NO GNOTHOCTH NoTOKa He AOxXO_UT Ao ToUuKK e=0. B uTore Bbigennetcr 
KPUTUYeCKaA TOUKA €=0, CBAIAHHAA C KAYECTBEHHOM 3ABMCUMOCTbIO NOBeseHHA PELUEHUA OT MasIbIX U3MEHEHMH 
NAPaMeTPOB Cpepbi. ITU pesyNbTaTb! OGOCHOBbIBaIOT HEOOXOAUMOCTb NPUMeHeEHUA TOUHOFO peweHnA sana 
O pacnpoctpareHuwn NNMOCKOKM SNeKTPOMArHVTHOM BONHb! B NMocKocnoncTon cpege oKonO ToOUKM s=0 Npun 
UCCNEAOBAHMN KOPOTKOBOSIHOBOM aCMMNTOTUKY MONA B OKpeCTHOCTM KaycTuKH. KacaHie nyya c KaycTVKoM 
ABNACTCA  MHOFOMEPHbiM aHanoromM TOUKM fnoBopoTa. B HacToAen paboTe cpega BOnu3u KaycTuKH 
MORENUPYETCA NPOM3BONbHOK TONUWHbI MNOCKMM NUHEMHbIM cnoemM, MNaBHO NepexoAAWUM B HeENMHeMHbIN. 
HeENVHeWHbIA yYacTOK, urpalolnit BCNOMOFaTenbHYK) pONb, VCNONb3yeTCA ANA UuCcKNOYeHMA OTpaxKeHHON 
BONHb! OT KpaA NMHeVHOrO chor. MpegnaraembiA mMeTof TOUHOFO pelweHWA BONMHOBOrO ypaBHeHun 
d°E/d(kz)+e(kz)E=0 NO3BONACT NPOBOAMTb AeTaNnbHble TeopeTuYeckue MW pacueTHble uCcNesOBaHUA None B 
OKPECTHOCTH TOUKM 6=0 [1,2]. 

B goxnane npuBogatcA pesynbTatTbt TeopeTuuecKux uccnefoBaHvw none sBOnn3u kKaycTuKMY npv 
Manbix noTepsx (¢’=¢-ie’’, s!'<<g1, rae ¢; - HaYanbHoe 3HayeHne €) B cnyyae cna6ol HeoAHoOpoAHocTn cpenbi 
BAONb NNOCKOCNOUCTONU CTPyKTypbI, 3afaBaAeMOr CNyYaHbIM OTKNOHeHMeM yrna nageHua nya Ha OAHOPOAHbI 
nogcenouv. MonyyeHHbie “3 TouHOrO peWweHKNA OeHOUHbIe CbopMyNbl MOXKHO VCNONb30BaTb ANA pacueta 


NOBEPXHOCTHBIX BONH, MCcCNefOBaHNA KOTOPbIX NpuBOAATcA, Hanpumep, B {3}. Jaetcr KDUTepUuN NOABNeHUA 
BONH BAOSb CNOA. 


ll. MeToo peweHun sanaun 


PaccMaTpuBaeTCA HaKMOHHOe NageHve MNOCKOM BONHbI Now yrnom 6; Ha NNOCcKMA HEOAHOPOAHbIN 
CHOW AUSNeKTPUKa NPOV3BONbHOK TONWIMHbI OT Z;=0 AO Zn (£1, En), &’=e(kz)-ie", e>0, c"=const, s"<<e,, AO cnoa 
€'=e'1, 3€ CNOeM e'=e'y. Cro cocTout u3 AByXx YacTel - NVHeMHOM oT 2; AO Z, rae e(kz) = e(kz4)+ a4k(Z-21), 
as=de/d(kz)=const<0, u HemMHeMHOK oT Zz, AO Zn NpM gr(c)=de/d(kz)(e)**=const, npvueM Ha cNoe cbyHKLMA 
e'(kZ) HeNpepbiBHa BMecTe c NepBoli NPOUSBOAHON, rAe kK=2z/2, A - ANWHa BONHbI B CBOBOAHOM nNpoctpaHcTsBe. 
Yron 01 OTCUNTbIBAeTCA OT OCU Z BMNOCKOcTH zy. B cooTBeTcTBUY Cc npegfnaraembiM MeTOAOM pelweHua 
HEOAHOPOAHbIA cNoW MpepActasnAeTcA AUCKpeTHOM Mofenbio ua N OAHOPOAHbIX NOACNOeB NepemMeHHoN 
TONUMHEI, KOTOpaA ONnpeseNnAeTcA 3aKOHOM U3MeHeHMA BONHOBOFO CONpOTMBNeHUA Ha cnoe (ana cnyyasn 
81=0, ¢"=0 npuHumaetca 8°=¢,/e,+4=const). 

1. Npegctasum pewenve ypaBHeHuii Maxcpenna 4epes Ba HeE3aBUCUMbIX pelweHua Ansa H (E,«0, 
Ey=0, E2=0) u E (H,x#0, Hy=0, H,=0) BonH ee 


EX = Af exp-iet, 008 4, kz) + Ci explie, 008 0,kz) , 1H) 
H? = A? exp(-iye’, cos 6,kz) + C8 exp(ife” cos ,kz), n=1,2...N, (2E) 


OCTaNnbHbie COCTaBNAOLNe None HaXoAATcA Yepes E, u Hy [5]. 
HanpasnexHve sextopa NMovHTuHra gna npoxoAriek H BONHbI (aH) (E BOnHbI (Dne)) unW ANA 


BONHbI 3a cnoemM (n=N) onpenensvetcA cooTHOWeHHeM 
Re(e/*/e, Je) / e, —1) 


fa f = ci 
ctgP,,, =ReJel/e,-1, ctgd,. = (3) 
Re(é/*/eé,) 
Benuunna ¢'p=e'ssin? 0; apnaetca VHBapNaHTOM Ha CNoe, T. e. e'o=e',Sin*6,,. 
Apu s"/eo<<1 mpvnumaem 
é1 Sin’ 01=en sin’On=e0 , (4) 

FAC & - TOUKA 3aBOpOTa, COOTBETCTBYHOLIAaA O,—>7/2, NDUYEM Cp=Op. 
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fn 
2. B cnyyae E sont ana amnnutyg sonh Ap, Cz, Koscdcbuynentos orpaxenua Re = Ce / Ag 
UMeHT MECTO CheAyiOLuue COOTHOWEHMA [1,4] 


+ Rt exp(idp,.1) 


Rt exp(21 OR) = SR sts 5E 

n exp(2ip, ) E = : mR exp(iAp...)” E(H) E(H) (SE) 
n-1 

An! = Ay expf-ill-1/6, »2 po, Ps", Pr=][][l-rrd-Ri)} ©e 
m=t 


men=1,,N-1, RO. = 0, p, = Je! cos 6 he. 0, = Jé", COS 0, [WV eé,,1 COS O14), 
oa eo 7 
E Ha H, o603HauMM UX COOTBETCTBEHHO (5H), (6H). 
6? =(€, -— &y) / (Eng — &9) = const. (8) 
8°=e,/en+1=Const U cneoBaTenbHo 


| a 6,6,.,/6&, -1 
a n n ed a | ed 
Pe ~2fe" cos 8, k(z, - Z,-1)> 
Nn 
B cBoio o¥epenb ANA H BONnH OygAyT cnpaBegnuBb! COOTHOWeHNA (SE) uv (6E), eCNU 3a€MeHMTb B HUYX WUHACKCbI 
O6cyKAaeMbl4 B HACTOALUeEM AOKNafe MeTOA peweHuR NpeANonaraet, yTO cnocoo pa3s6veHuar 
HEOAHOPOAHOrO CNOA Ha OFHOPOAHbIe NOACNOM pa3sHOK TONLWIMHbI 3agaeTcCA yCNOBUeM 
Meton yaoGeH Ana u3syYeHuA None OKONO TOUKM 3aBOpoTa, c Npu6nvwxKeHVeM K KOTOPOK N—-oo. 
3. B cnyyae HOpManbHoro NageHuA BoNnHbt Ha cho 6e3 nornoweHvA ({e"=0) uMeeM, UTO 
n 
=-Otp =(6-1)/(6+1), = Ap, = (6-1) / tv, rte, )}, (9) 
20e v, =" npu n<L, v,=1 npun>L. 


Mpumem e.-0 (Loo) uv onpegenum cxOgUMocTb npousseneHus Pe B (6H), UcnoNnb3syA Npu3sHak 
cxogumoctw flonam6epa cootsetcTByrowero paga. Torga npu foctaTOUHO Sonbwux N NonyyuM, UYTO 


npouspefAeHne je pacxOAMTcR, a 3HauUT LE, | 900 npw ¢. 0. AXanoruyHo u3 (6E) nonyuum, YTO pacxogUTca 


1/Pe, oTKyAa | Hy |_>0 npu e.-0, uto copnafaert c [7]. 

TouHoe peweHve (1H), (5H), (6H) npn 5°-»cBogutTca K ghdbcbepeHlivanbHOMy ypaBHeHuio 
PuKkkatuv, QJeEMOHCTDMPYA Nepexof OT AVCKpeTHOW MOgenu cpeAbi K HeENpepbiBHon. 

Bbipaxenve ANA KOS DULIVeHTa OTPaKeHMA B OKpPeCcTHOCTH TOUKM 6=0 Nmpuv App =const u ey-—>0 6yner 


Rop=ytiB, rae B=4/gr(e) (|B | <<1), yeyl— Bp? » B 3TOM cnyyae B (5) npumMem N = L, R= = I gps 
Pewenve Ha NUHeKHOM yuacTKe Npu Lo NnpefcTaBnretcA HeNpepbIBHOM yHkuven Ro = f(gr(e1), ev/e1) u 
| Ro | npn e/er—>0 vu 61-0, a 3HaU4NT S./S1=1 1-|Ro|?»0 [1]. B pesynbTatTe ToUHOe pewWeHne no3sBONAeT 
BbINeNMTb Oco6ylo mnocKkocTb s=0, GO KOTOPOK BOMHa NO NNOTHOCTH NOTOKa HE AOXOAUT, MmpuyemM |E|—»00 v 
IH|—>0 mpu «0. Touka s=0 ABNAeTCA KDUTUYeCKOM TOUKOU, NOBeAeHve PelWeHVA OKONO KOTOPON 
K@4ECTBEHHO 3@BUCUT OT MabIX V3MEHEHKMK NapameToos. Hanuyve nornoweHur npvBegeT K Tomy, YTO E 
CTaHeT KOHEYUHbIM Npu s=0, ocoban NNOCKOCTb “pacnnbIBeTCA” B CNOU, TONLMHa d KOTOpOrO kd~ | Im(s-is")/o4 [. 
VU B 3€BUCUMOCTH OT BENMYVHbI NOTNOWeHMA BONHa NuOo OyfAeT pacnpocTpaHATbCcA BAONb cNoA, NMOo npowgAerT 
Bo6nactb <0 (cm. Hue). Mpu stom pe3sKoe Bo3pacTaHve E MoxKeT NPUBECTU K HENMHEMHbIM Scbcektam. 


ill. PesyribTaTbI TeopeTMYeCKHX uCccCnegoBaHMM Nonev 


1. PaccmoTpum npumMeHuMocTs dopmuyn HOpManbHoro NageHvA BONHbI Ha cCNOoW 6Se3 nornoweHnaA. 
Npunumanr 0,<<1 u 87">>4 MOXKHO NOKa3aTb, YTO cbopmynb! HOpManbHoro NageHuA cnpaBegnuBb! npn g?" (04)° 
<<1 4B 3TOM Cnyyae re=-ry (30eCb VU Manee BeEpXHuNK WHAeKC N ONyckaem). [pn stom mNocKocNoucTaA MOAeNb 


npvmMeHuMa MPM YCNOBUN py= Vf En Kr 1>>1, [He tn - Paguye KDUBU3HbI YPOBHA NOCTOAHHOU KOHUECHTPAalMN e=en 


. Fipw prx1 nagaroujan BonHa Ha cnoe s=en paccenBaeTcA BO BCe CTOPOHb! (3aKOH CHennaA Hapywiaetcn), 
npvBpogsA K NoTepAM nafatouiero usnyYeHuA (cnyyai B pamKax MNocKOcNoucToM mMogfenu cooTBeTCTByeT 


“npvkHuMny HeonpefeneHHoctu”). Takum oOpasom ycriosue 8°"(0,)? <<1 MPU pr= Ey kr >>1 ABNAeTCA 


KDUTEPVeM NPUMEHMMOCTH MOAENM HOPMaNbHOro NaMeHWA BONHb! Ha NMOCKOCNOUCTYO Cpesy. 

2. Tenepb OUEHUM 3HaYeHVA NoNew OKONO TOUKM 3aBopoTa Npu ¢''=0 (e’’<<go). JlerKo nOKa3aTb, YTO B 
cnyuae 8°"(61) >>1 BONHa PacnpocTpaHAeTcA NOYTH BAONb NNocKoro CNOA UM NpK STOM 

THe (6-1)/2, fe=lu, 

a 3Ha4UT pelWeHVA ANA Roxy UW Roe B paccmaTpneaemon o6nactu npvOnusutenbHo copnagatorT. OtTctofa, 
NOCKONIbKy peweHKe ANA H BONH nocne BBeAeHUA &°=c(kZ)-co AQEKBATHO CNyYalO HOPManbHoro NageHua, 
korna |R°|>1 npu 6? 0, To npv si—>e0 uMeeT Mecto |Ry|>1, a |Rel<|Ru], 7. « texry mpu 87°(01)? <<1. 
VisaMeHeHMe 3HakKa le C YMEHbWWeHMeM 9, NpUBegeT K TOMY, YTO KO3dCULMeEHT OTpaxeHHA NpowAeT 4uepe3 HONb 
mpu ¢ =e, . B 3sTom nofcnoe GygfeT TombKO npoxogAujaA BONHa Cc HanpaBneHvem BeKkTopa MoHTUHTA, 
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ONPEAENFEMbIM M3 COOTHOLIEHHA: Eo=EnSin*On. B pesynbTaTe CoszmaloTCA YCNOBNA ANA NOABNeHKA BONHbI BAONb 
HEOAHOPOAHOrO cNoa. 

Ana paccmaTpnBaemoro cnyyan NonyyeHbt cneAyiouMe oeHKY (ro NopsAKy BerMuUHbI). Myctb re=0 
MPM 2=Zm , TOTHA Em=ZE0 , Om=N/4; en&=4eo, On=x/6. Ecnu npunatb R = 0.5, To stomy sHaYeHuio KoscbcbuLiNeHTa 
OTpaxKeHUA CoOTBeTCTByeT — Eg=0.002(a1)°" [4]. Mostomy, npuHvMaa enzer , Nonyuym, UTO ANA cnyyas 
PACNPOCTpaHeHNA BONHbI BAOMb CNOA AOMKHbI ObITb cnpaBegNuBb cooTHOWeHNA: &<<(104 ...10°)(a4)?" v 


eA OF =(0.002)*(a1)”*. 


3. PaccMOTpumM HOpManbHoe NMageHuve nyya (UMeiOUero KOHEYHYHO TONLUMHY Manyto pacxOgUmMoctb) 
H@ HeOZHOpOAHbIA chow c nornouwjeHvem. MycTb cna6aA HeOnHOpoAHocTs BgONb cnoaA s3agaetcs 
NPEANONOKEHVEM O TOM, YTO OAHOPOAHbIe NoAcnow He NapannenbHb! B COOTBETCTBHE CO CNyYaliHbIM 3aKOHOM 
A@(En). VW nyctb AO; ABNAeTCA NpVBeAeHHbIM K HaYany cnos cpegHum 3HaveHvem. CHayana o6patum BHYMaHue 
Ha HeYCTOUYMBOCTh pelWweHKA ANA HOPMaMbHOrO NageHVA fINOCKOM BONHbI Ha cnoM 6e3 NOrMoweHNA B 
nonynpoctpaHcrBe e>0, u3-3a Yeo CKONb yrOMHO Maroe BosmyujeHue AO; B cooTBeTcTBUN Cc (4) NpU E—><¢9 


Z 
NpuBoANT K 8-7/2. Kpome storo u3 (3), (4) cnepyeT, YTO B 3aBVCMMOCTM OT BennuuHbl ¢'’/ép (co=61A0; ) 


BbIGeEnAIOTCR ABA CYUKECTBEHHO pa3Hbie PeWeHNA, OTNNYaOUMeCH HanpaBneHvemM  pacnpoctTpaHeHua 
NPOXOAALCN BONHbI B OKPeECTHOCTM TOUKM 3aBopoTa: NepBoe - Dan=Dne 2/2 gNA e"/eo<<1, a BTOpoe - 
PrH=Dre=0 gna e'/eo>>1; B NPOMEXKYTOYHOM cnyY¥ae NpU E,=Eo=6" GyneT Dye=n/6, a Day=2/4. B KayectBe 
KDUTepvA NpvMeHMMOCTH NepsBoro peweHHuA NpumMeM ycnoBue e"/s;<a (A681) (a=0.1), Npwv BoInonHeHuN 
KOTOpOrO BONHaA pacnpocTpahAeTcA BACNb NNOcKorO CNOA NpevumyiWecTBeEHHO No ocw y. C yBennueHvem 
NOFNOWEHKA pacTBOp KOHyCa pacceAHua OT O=7/2 yMeHbluaeTcR AO 8=0 B Npeyene. 

Ecnvw npumMeHutp K peweHwam ana e/eo<<1 uw e”/eg>>1 NpenenbHbii mepexog 61-0 uw npvkuun 
npegenbHoro nornoweHnA [5] npu e’—>0, To nonyuuM, YTO B cnyYae HOpManbHoro nageHuan Ge3 NornoweHuA 
cnpaBeAnuebl 06a peiwenus. Ho nockonbky ANA sToro cnyyar MOKa3aHO BbILWe, UTO IR | — 1 npu ey-0 vu BOoNnHa 
He OXOAUT AO TOUKU &=0, TO VMeeT MECTO EQVHCTBEHHOCTb peweHuA 3aqauu. MocnenHee He uMeeT MecTa B 
peweHun Yepe3s MyHkiuM Qipu [5] npv HOpManbHOM NageHUN BONHbI Ha AWHeHbIA cnom 6e3 nornoweHna, 
Kora BONHa NpOXOANT B OONacTb OTPNLaTeNbHbIX €, NPVBOAA K MHOTO3HAYHOOCTM peLUeHVA Cc yYeTOM 
HeEYCTOUNMBOCTH (T. €. NPY BBeAEHUN Ay, UTO NpvBOg_UT K 9-2/2 npv e—>0). SameTum, YTO NpKvOoNMwKeHHbIN 
XapakTep pelweHvA ANA NuKeHOrO Chow Yepes yHKUMU Sipu Npu o4<<1, c1=1 oTMETUMN ee Dok [6, 06.2]. 

 B pe3ynbTate mou HOpMaNnbHOM MafeHuv BONHb! Ha NVUHeMHbIM nnocKnA cron BO3MyYLLeEHNe no 8 npu 
6"/é9<<1 NPUBOAUT K KAYECTBEHHOMY VU3MEHEHUIO PeLWeHVA, A UMEHHO K NOMBNeHVIO E BONHbI BOONb CNoR. 
Teopua vu cnoco6bi reHepaliuu NOBeEPXHOCTHbIX BONH BeCbMa NopzpoObHo oO6cyxKaloTcr B [3]. 


IV. SaknioyeHne 


MpeAnoxkeHHbIi MeTOA PeLUCHHA BONHOBOTO ypaBHeHvA o3sBONAeT COKpaTUTb KONNYeCTBO 
HESaBUCMMbIX NapaMeTpOB ANA KOSdduyneHTa OTpaKeHNA MW B pesybTaTe yMPOCTUTb TeopeTnyeckiue U 
PacueTHble VuccnefAOBaHuA OTpaxKeHuA MW NPOXOXAeHUA BONH B NNOcKOCNoucTON cpeze. 

B pe3ynbTate TeopeTuyeckux vccnefoBaHvA cnyYan HOpManbHOrTO NaZeHuA BONHbI Ha NMHeMHbIM 
cnow Oe3 nornoweHua BbiIgeneHa ocoGan nnockoctb e=0, Tak uTo |E|—>0 u |H |0 npu s-—>0. Pewenne 
BONU3K KPUTHYeCKON TOUKM e=0 KAYECTBEHHO 3aBUICUT OT MambIX U3MeHeEHUET napamerpos. 

OnucaHo “pacTekaHve” nyya B4ONnb KayCTUKM, 3aBVcALUee OT NONApN3aLMU SNEKTPOMArHUTHOW BONHbI, 
HEOAHOpPOAHOCTH Cpesbi Mu NornowjeHua. {jah COOTBeETCTBYIOLMK KpuTepui, 

MeToQ MoxXeT NPUMEHATBCA B AKYCTHKe, B UICCreOBaHUAX HEODHOPOAHOM MarHVTOaKTVBHOM nna3MbI Aip.. 
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A method of solving a task of flat electromagnetic wave propagation in inhomogenious dielectric layer of the given thickness [1], 
developed by author, is presented. This method is supposed to divide inhomogenious layer in several homogenious sublayers of 
the different thickness which depend on permittivity. This method enables to reduce a number of layer parameters. Phenomenon of 
wave scattering along layer near special point s = 0 for the normal wave incidence is described and criterium of this phenomenon 
appearance is given. A new criterium of ray-optical solution application is given. Calculation results of the fields near caustic are 
given. 
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AHHomauual - SKCNEPUMEHTaMbHO C MOMOULbIO MeTOAa YACTUYHbIX OTParKEHMU V3YYEHbI XAPAKTEPUCTHKH KBA3MBOFIHO- 
BbIX BCO3MyWeHu B D-oOnactu woHoccbepe! MW BapNallMM fapaMeTpOB WOHOCCbepHoOW Nna3sMb! (NNOTHOCTh sNeKTPOHOB N, 
CKOpocTb Aperdba V MenkOMAaCLUTAGHbIX HEOAHOPOAHOCTeN SNEKTPOHHOKM NNOTHOCTH) BO BPeMA MarHUTHbIX Gypb W BHE3aNHbIXx 
VOHOCCDEPHbIX BOSMYLIEHHM. 


1. BBengenne 


Aina paspa6oTKm HafexHOoW AMHaMuyecKOW MOfeMM HYKHEM NOoHOCdHepb! HeOoOxogumMo AeTanbHoe 
V3YYCHNE NPOCTPAHCTBEHHO-BDEMEHHbIX M3IMeHEHUA D-o6nacTu voHocdepb! nog BO3sDeVCTBVeM BO3MYLIIEHHH 
pasnuYHoK mpvupogbi. HavGonee BaxkHbIMA ABNAIOTCA eCTECTBEHHbIe WCTOYHUKUY, TakMe KaK MOUJHbIe 
3EMNETPACEHUA, V3BEPKEHUA BYNKAHOB, CVUNbHbIe TPO3bI, CONHEYHbIE BCNbILUKM, MarHUTHbie Gypv, CoNHeYHbIn 
TepMUHaTOp, cTpaTocdepHbie noTenneHvA VW T.n. BoagevcTBve CONHEYHbIX BCMbIUeK VW MarHWTHbIX Oypb 
CPaBHUTENbHO LUMPOKO wcCNnefoBaHO prge paboT (cm., Hanpumep, [1-4]). OgHako AnA peuleHuA sagan 
MOMeENMPOBaHUA VMerOLMXCA B NUTepaType A@HHbIX O BMMAHMM STUX UCTOUHMKOB HeEgocTaToYHo. TMostomy 
HEOGXOAUMO MpOBeAeHNe HANPABNeEHHbIX VUCCNeAOBaHMM, HAaKONNeHKE SKCNEPUMEHTAMbHbIX AAHHbIX. B 
HacTonlen paSote mpuBeperb! pe3synbTatTb! SKCNeDYMeHTaNbHbIX UCCNeGOBAHVM BNWAHUA COMHEYHbIX 
Bcnbiwek (Ha Npvmepe BHesanHbIX MOHOCdePHbIx BOsMYyYWweHVN - BUB) 4 MarHuTHbIX 6Bypb (MB) Ha 
cpedHelunpoTHylo D-o6nactb YOHOCdHeppbl, BLINONHEHHbIX B XA4PbKOBCKOM YHUBEPCKTeTe METOMOM YaCTUYHbIXx 
oTpaxeHnn (HO). 


ll. Meroguku akcnepumMerHta u oOpaGboTKH MaHHbIx 


OKCNEPUMEHTaNbHble MCCNeJOBAHUA BbINONHeHbI B CheqHUX WHMpoTax BONN3N r.XapbKoBa. OCHOBHb!Ie 
napaMeTpb! annapatypb! Obinw cnenyrouime: paboune YactoTbl f = 2-4 Miu, ANUTeNbHOCTb 3OHAMPYOLUMX 
vmnynbcos t= 25 mMkc Cc YaCTOTOK NoBTOpeHMA 1-10 Ty. PeructpatiwA amnnutya cmecu YO curHanosB u 
paguowymos Ao,(z,t) wv aMnAnutyA pagvowymMos Ao xn(t)(Z - BbIcoTa Ha, NOBepxHocTbiO Semnu, t - BpeMA ) 
O6bIKHOBEHHOM "Oo" VW HeEOObIKHOBEHHOM "x" NonApu3sauM mpoBogAunacb Cc MoMOolbIO OBM c 15 BbICOTHbIX 
YpoBHew, HayvHar c 45 unu 60 km Yepes 3 unu 6 KM. AnuTenbHOCTbh perncTpalnu Aoxn({t) uv Aox(z,t), 
BbINONHEHHbIX BO BpeMA 8 CONMHEYHbIX BCNbIWeK B 1983-1990 Ir., coctaBnAna ~10 - 100 MuH. OTAeNbHO 
DaCCMOTDPeéHb! 4 coObiITuA BUB gnutenbHocTbWo t < 30 muH MW 4 BUB ct > 30 mun. B 1984-1987 rr. BbiNnonHeHbI 
vsmMepeHus Ao xn(t) W Ao»(Z,t) B Nepuonb! 8 MarHUTHbIX Gypb. B rnaBHOM chase Mb nposegeHb! HenpepbiBHbie 
V3aMepeHMA B TeYeHVe HecKoNbKUX YacoB. Jlo uv nocne MB 8 TeyeHve praga AHei ( > 10 ) BbINONHeHbI 
V3MepeHUA ANUTeNbHOCTHHO t= 10-20 MUAH Mpu CUuKCUpOBaHHbIX 3EHWTHbIX yrnax ConHya. PacueT BbICOTHbIXx 
npocbunevw mnoTHoctw snexTpoHoR N (Zz) npopegeH nO U3BeCTHOK MeTOAMKe AUdcdepeHyManbHoro 
NOrnouwleHuAx [ 5 |. CnektpanbHan oOpa6oTka MaccuBos Ao x(t) u Ad ».{z,t) mpoBogunacb no MeTony Dypbe. 


Ili. SkcnepumMeHTanbuHble pesynbTatb!. CONHeYHbIe BCNbILIKH. 


BNWAHYe CONHEYHbIX BCNbIWeK Ha D-oOnacTb woHOCHepbl uu xXapaKTepuctuKu YO cwrrHanos 
vccnegoBaHo Ha npvmepe BUB. NpoaHannu3npoBaHb! U3MeHEHUA Ao xun(t), Aox(Z,t) ( a TaKKE MX CTATUCTVYECKUX 
xapakTepuctuk ) “ Napametpos D-o6nactu Bo Bpems 8 BUB. Adanu3 Aoxn(t) v Ao,(z,t) Noka3an, YTO BO BpemMaA 
KOpoTKUX BUB (t < 30 Mux) U NpuMepHO B TeYeHHe 10-20 MMH Nocne Hero HaOniogalTcaA KBasvNnepnomANYecKune 
3ATYXAIOLLNe U3MEHEHUA Ao xn(t} WU Ao»{Z,t) . B pe3ynbTaTe cnektTpanbHou o6pa6oTKu MaccuBoB Ao xn(t) W Aox(z,t) 
( ANUTENbHCCTh BbIOOPOK HO uv nocne coObitun BUB coctasnana t = 30 MUH ) nonyYeHo, YTO BO BpemaA BUB B 
D-o6nactu reHepupylOTCA UNM YCUNMBAaIOTCA BONHOBbIe BO3MYLIEHMA Cc nepmogamu T < 5 MuH., KOTOpPbIe 
3aTYXaloT B TEYeHVe MpNMePHO 20-25 MuH. Mpu t > 30 MUH BONHOBbIE BOSMYLWEHVYA BbIDaKeEHbI MEHbLUe “NM He 
oTMeYaloTcH BooGwWe. Ha puc.1,a npvsegeH npumep cnekTpoB gna saBucumocTu A,(z,t) ( z=81 kM), 
NONYYEHHOM B SKCNepUMeHTe 16.10.1987 r., rae OTYeTNNBO BUQHO yBenuYeHKHe BO BpemA” BUB cnektpanbHoH 
mnotHoctu G coctasnariue c nepvogom T <5 mu ( T= 4,8 Mu ) c NocnegyroulMM YMeHbLUeHMeM Nocne 
co6bitnA BUB ( Ha pucyHKe KpuBbie: 1 - T= 8,5 mMUH, 2 - T= 3,4 MuH, 3 - T = 4,8 MuH ).Bo3moxKHOM NPMYnHON 
Takoro nopegeHuA YO curHanoB oT HeosHOpogHocten D-oOnactw moxKeT GbiTb reHepayuA unu ycouneHve 
AKYCTUKO-FPpaBUTAL|WMOHHbIX BONH B pesyNbTaTe pe3koro YCUNEHUA VHTEHCUBHOCTU PeHTTeHOBCKCrO u3snyHeHUA 
Conkuia Bo Bpema BUB. OTmMetum, YTO NOAOGbHbIe pesynbTaTb! ( BONHOBbIe BO3MyUeHNuA Cc T ~ 5 MUH ) 
nony4eHb! B [ 2 ] NO peructTpaumAm reomMarHuTHOro Nona BO Bpema BB. 

VUHTepeCHbIM OKa3sanoch noBefeHve pagnowymos BO BpemMA BUB: BenuyvwHa K= Ayr/Aon > 1 BO 
Bpema BUB, 8 TO BpeMA Kak AO MW nocne Hero k < 1. CnenyeT OTMeTHTb, YTO NMOAOHHOe u3ameHeHVe Kk 
CP@BHUTeNbHO YacTO HaOnioganoch HaMM MN APY ApyruxX BO3MYLIEHWAX KaK UCKYCCTBEHHbIX, Tak Mu 
@CTECTBEHHbIX. YAOBNETBOPUTeENbHOFO OB bACHEHMA STOO ABNEHMA MOKA HeT. 
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MogodHo [6] Bo spema Bcex co6biTuvz BUB Hamu npoBefeHo uccnegoBaHve nmpupogb! YO curHanos: 
Ana 10 MUHYTHbIX perucrpaunin BO BCEM BbICOTHOM Qvana3soHe BbINUCNeHb! CpenHne 3HEpPruv PaCcCeAHHOK < 
E? oxe” VW OTPaKEHHOM < E? O,xk> COCTABNAIOLINX YO curHanoB. Kakux-riv60 CYLWeCTBEHHbIX OTMMYUN B BbICOTHO- 
BDeMeHHOM pacnipenenenuu < E* oxs> VU < E? oxk> BO BpDeMA BMB No CpaBHeHmto C HEBO3MYLUEHHbIMY YCNOBAAMM 
UW pesynbTaTamu padotTbt [ 6 ] Hamu He OOHapyxXeHO HM B Nepvog KOPOTKUX, HM B Nepvog AnuTenbHbix BYB: 
COOTHOLUGHMYEG MEXKDY Eoxs WU Eoxk OCTABANOCh TUNVYHbIM ANA HEBO3MYLUGHHOU HW KHEA voHocdepsl, T.e. 
oOpasoBaHnn Unu YCUNEHMA HEOAHOpPOAHocTe TUNA "peaKan rpaHuua” He OTMeYaNocd. 

AHanoru4Ho [4] uccnefoBaHb! U3MeHeEHUA BbicOoTHOrO Npoduns” N(z) Bo Bpema BUB. Kak us [ 4], 8 
HaluMuX USMEPeHNAX OTMeYEHO 3aMeTHOe (8 1,5-4 pasa ) yBenvuueHve N Ha z = 70 - 85 KM Bo Bpema BUB. 
Mpodunu N(z), BbiuMcneHHble 3a KaxKgble Nocnepyroulve 3-4 MVH BO Bpema BUB, oTnuYanuch Kak No cbopme, 
Tak 4 NO 3HaYeHuAM N ( Ha PUuKCUpPOBAaHHbIX BbICOTaX ), Nocne co6biTun 3HayeHuA N B D-o6nactu, B OCHOBHOM, 
BOCCT@HaBNUBaNUCh B TEYEHNe HECKONbKUX MUHYT MPYMePHO K TeM Ke BENWUUMHAM, “TO 4 AO BUB. Mpumep 
TakUx W3MeHeEHNKH = N(z) npvsegeH Ha puc. 1,6: KpvBble 1 - 3 nonyyYeHb! BO BpeMA KOpOTKOrO BUB B 12.30- 
12.40 LT 26.11.1986 r. wepe3 Kaxable 3,5 MMH COOTRETCTBEHHO, KpvBan 4 - MonyYeHa B 11.30 - 11.40 LT qo 
co6pitun BUB. 


iV. MarHutHble Oypu. 


Visamepenua metogom YO sBbinonHeHb! Bo BpemA 8 MB: 16.X1.1984 r., 23.1.1985 r., 13.X1.1985 r., 
13.X11.1985 r., 18.X11.1985 F., 13.11.1986 r., 2.X.1986 r. uv 20.11.1987 r. XapakTepHbim ANA BceXx U3sMepeHUi BO 
Bpems M6 oka3anocb Hanuune WHTeHCMBHbIX HO cufHanos oT o6nactu sbicot z = 45-70 KM, NpeBbILWAIOLLUXx 
YPOBeHb JuyMoB B 5-15 pa3. ONekTPpOHHaA KOHUEHTPalMA Ha STUX BbICOTaX BO3pacTana WO 3sHaYeHui N~(2- 
8)107 c“~. Ha pvc. 1,8 npuBegexH npumep v3amMeHeHui voHYaauUN B HYKHeM Yactu D-oGnactu voHocdepb! BO 
Bpema aByx Mb (kpuBbie 1,2; uamepeHna N(z) BbINONHeHb! mpw 3eHUTHOM yrne ConHua 77,5° ). 
HlononkuTenbHaA WOHV3aLuR Ha Z < 65 KM BO BpemA MB, fno-BuguMoMy, Bbi3BaHa  BbICbINaHvNeM 
3aPAKEHHbIX YaCTVLl, a Bapvaluwn N(z) - WU3MeHEHYAMU UX WHTEHCUBHOCTM MW cneKTpa. CpasHusan 
SKCNepYMeHTanbHble N(z) c xapakTepHbIMU ANA AAHHOrO Ce30Ha HEBOSMYLIGHHBIMM (Hanpumep, no mogenn [ 7 
] ), OL|EHUM HOnonHuTeNbHyIO CKOpocTb MoHoo6pa3soBaHnA: qi~1-4cm"’ co! gna z = 50-65 KM. Nonaraa, uTo 
Ha 3TUX BbICOTaX OCHOBHONK BKNag B Qi BHOCUT KOHM3aLIMA BbICbINAIOLIUMUCA NpOTOHAaMH C SHEPrMAM E 15- 50 
M3B, no MetoguKe [ 8 ] OWEHMM NOTOK BbICbINatOLNXCA YaCcTUY BO BpemA MB: |p~ 0,05-0,12 cM” cp" co! 

Nocne M@rHuTHbIX 6ypb B TeYeHVe MpvmepHo 5-10 cyTOK Cc BbICOT Z ~ 55- 65 KM B 7 enyuaax u3 8 
gapeructpupoBaHb! YO curHanbl, TakoKe MPeBbILAlOLUNe YPOBeEHb PaMVOLUYMOB B HECKONbKO pa3. 3amMeu4eHo, 
4YTO TakWe COObITMA XOPOLUO KOPPeNupytoT C BbICbINaHHEM 3aPADKEHHbIX YACTMLL V3 MarHUTocdeppi, KoTOpble 
PerMcTpupoBannch C NOMOLUbHKO VCS ( 0 BbICbINAHUAX 3APADKEHHBIX YACTHL| B MOHOCCepy B TeYeHuve paAga AHei 
nocne M6 cooOuwlanoch uw B Apyrux pa6oTax, cm., Hampumep, [9] ). Ha puc. 1,8 (kKovBaA 3 ) NpuBegeH 
SKCNEPUMEHTANbHbIN N(z) -npodunb, NonyYeHHbIrA MeTOOM YO B palioHe r.XapbKoBa 19. Ml. 1983r. ( B 9TOT 
nepvog BpemMeHu, NO AaHHbIM UCS "“Meteop", 3aperucTpvpoBaH NOTOK NPOTOHOB 77,2 cM 2e7¢ SHEpruAMN E ~ 
15 MsB ) nocne MB. 3pecb Xe AaHa XapakTepHan 3aBUCMMOCTh N(z) ( KDNBaA 4 ) B HEBO3SMYUIEHHbIX YCNOBUAX, 
CpaBHeHue C KOTOPOKM NO3BONAeT OWEHMTb yBeNnYeHNe CKOPOCTM NOHOOOpascBaHUA 3a CHeT BbICbINaHUA 
BbICOKOSHEPrMYHbIX NPOTOHOB B 40-10 pa3 COOTBETCTBEHHO ANA Z = 57-63 KM. 

Hamu HCCNeAOBAHbI U3MEHEHMA MOHV3aLIMN B GHEBHOM D-o6nacTu voHocdepbi BO BpemA MB Ha z > 
75 KM (B paGoTe [ 3 ] cxogHble uccneAoBaHuA NpoBeAeHb! ANA HOUHbIX ycnoBuil ), Ha puc. 1,7 v306parKeHb! 
N(Z) -npodunu a D-o6nactw Ha cpegQHux WUpoTax, NONYYeHHbIe NpU CPUKCUPOBaHHOM 3eEHUTHOM yrne ConHua 
78° go Havana MB (kpusbie 1-4) uv B nepvog MB (kpusbie 5,6) B Ha¥ane aKTuBHoro nepuofa. OTyeTnuBo 
BYGHO, UTO B Nepvog ME Ha z = 78-90 Km 3Ha4eHuA N B 1,5-6 pa3 Gonbue, Yem AO MB. AxanormuHanr KapTMHa 
B vu3meHeHunx N(z) B D-oOnmactTuw Ha cpegzHux WiMpoTax oTMeYeHa HaMyY MV BO BpemMA ~Apyrux MB. NMoxoxue 
VamMeHeHua N(Z) B BepxHen YacTu D-oOnacTv Bo Bpems MB HaOnwgannce B [ 3] B HOUHOe BpeMA. 

Hamu vccnefoBaHb! u3smMeHeHuA N(z) - mpocbunel, nonyyeHHbIx MeTogom YO no u3smepeHuAM B 
BbICOKMX LUMpOTaXx ( BOnU3K fr. MypmaHcka ) 3MMolM u BecHOoM 1974 r. B nepvonb! MB ( peructpnposanucb 
BCNNECKK FEOMATHUMTHOLO NONA, KOTOPbIe XOPOLO KOppenupoBann c NOABNEHVeEM VHTeHCMBHbIX YO crvrHanos c 
BbICOT HM¥XKHEM YactTu D- o6nact voHOcHepb! ). Xapa@kTepHbim, KaK WB CPEAHEWIMPOTHDIX U3MepeHunx, 
oka3anoch Hanuuve cnoeB NMOBbILUEHHOM vOHV3ayMN Ha z = 48-75 Km c N < 10°cmM® Npw sTOoM B 
BbICOKOLUMUPOTHbIX WU3MepeHMAXx 3Ha4YeHNA N(zZ) B HWKHEM YacTn D-o6nactTu “oSbiyHO Gonbue, 4YeM B 
CPEAHELIMPOTHbIX, UTO OObACHRETCA Gonbwwen WVHTEHCUBHOCTbIO MOTOKOB BbICbINaHOLUMXCA YACTUL| Ha BbICOKMX 
WuUpoTax Kak B AHEBHbIe, Tak MW B HOUHbIe 4Yacbl. OTMETUM, YTO NPUBeEAEHHbIE BbILUe Pe3yMbTaTb! COBMECTHO 
C AaHHbIMUY paboT [ 1,3 ] MatoT CpaBHUTeNnbHO ACHYyIO KAPTMHY KA@YECTBEHHbIX MW KOMVYECTBEHHbIX N3MEHEHMM 
N(z) 8 D-o6nactTu voHocdept! Bo Bpema MB, 4To BaKHO ANA peweHuA 3agay MOgenupoBaHua. 

Cnefyet OTMeTHTb, YTO B Nepvogb! “3MepeHNi BO BpemA MB ( Kak 4 B Nepvog BUB ), o6cykgaembix 
3HeCb, NOUTK BCerga ObiIno Kk > 1. VHTepecHbIM OKa3anocb TakKe TO, YTO B peructpauuAx YO curHanos BO 
Bpema MB wmMeno MECTO OAHOBPEMEHHOe CYLIECTBOBAaHMe OTPaxKeHHOM Eoxk MW pacceAHHOM Eoxs 
coctaanrtouyux YO curHanos ( anA z= 75-85 km ), npvyem fons Eox. Bocturana 30 % (Bo Bpema BUB 
COOTHOWEHNe MeXKAY Eox.k W EO,xXS OCTABANOCh TAKUM Ke, KaK UV B HEBO3MYLLGHHbIX YCMOBMAX, - CYLUECTBEHHO 
NpecOnagana coctasnAwwaar Eoxs }. 


V. Boispogbi 


B paSoTe skcnepumMeHTalnbHo nonyyeHo: 

@) 8 NepuvoAb! KopoTKUX BUB Bo BpeMA CONHeUHbIX BCMbiweK B D-o6nacTu uoHocdepp! HaOnioganuch 
KBa3UBONHOBbIe BOSMYLUEHVA AaMNNMTYA PaAVOLWyMOB VW YaCTHYHO OTPaKEHHbIX CHrHAaNOB Cc Nepvogamn T < 5 
MUH, KOTOPbIe, BbISbIBAIOTCH, BEPOATHO, YCMNeHNeM MN TeHeEpalVeld AKYCTUKO-FTpaBUTALIVOHHbIX BOMH: 
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6) B HMKHeM YacTH D-o6nacTu uvoHocdepp! ( z < 70 kw ) BO Bpema MB vB TeveHue 5-10 cyToK nocne 
HYX pervicTpupoBanuch CNOM NMOBbILUEHHOM MOHV3ayMK c BenuunHamw N ~ ( 2-8 ) 107 cw” , KOTOpb!Ie, 
BEPOATHO, OOYCNAaBNUBAHOTCA BbICbINAHUEM 3aPAKEHHbIX YACTML U3 MArHYTOCHepb!; 

B) B BepxHel Yactu D - o6nactu voHocdepni (z > 70 KM ) SNeKTPOHHAaA KOHYeEHTPAalMA BOspacTaeT B 2- 
6 pa3 WHemM B Nepuog MB nc cpaBHeHto C HEBO3MYLIIGHHbIMI YCNOBUAMM. 
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Puc. 1 
Mpumepb! cneKtpoB 3saBucumocTen 
2, KM DN A .(2,t} 4 MNOTHOCTH SNeEKTPOHOB B 


CPeAHeWUpOTHOKM oGnactu D- 
VOHOCcepbl BO BpeMA MarHUTHbIXx 
6ypb WU CONHEYHEIX BCNbIWeK: 

@) - NpMmMep cnexTpoB ANA 
3gaBucumoctu A,(z,t) (z= 81 
KM}, MONYYEHHOM B OKCNepYMeHTe 
16.10.87 r.; KouBbie: 1- T = 8,5 mun, 
2- T= 3,4 Mu, 3- T = 4,8 MuH; 

6) - papvauuu N(z) B D-oonactu 
Bnepvog BUB: KpuBbie 1-3 
nonyyeHb! BO BpemA KOpOTKOrO BMB, 
KpuBaa 4 - go co6p!itur BUB; 

B) M3MeHEHMA MOHK3aUNK B 
HMWKHEM YacTA D- o6nactTu 
VOHOCHepb! BO BPeMA MarHUTHbix 
Gypb (KpuBb!e 1 - 3). KouBan 4 - 
MOAenbHbIM Npocbunib N (Zz ). 

r) W3SMEHEHUR VOHUZALIMN B 
BepXxHev YaCTH AHEBHOU 
cpegaHewupotHon D -o6nactu 
VOHOCdepb! BO BPeEMA MarHUTHOK 
6ypu (npwv cbukCMupoBaHHOM 
SCHUTHOM yrne ConHua 78° , 
KpuBbile 5,6 ). 

Kpusbie 1 - 4 nonyyeHb! go Hayana 
MB B TeYeHVe HECKONbKUX AHeU, 
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DISTURBANCES IN MIDLATITUDINAL IONOSPHERIC D-REGION 
DURING MAGNETIC STORMS AND SOLAR FLARES 


Gokov A.M., Tyrnov O.F. 
Kharkov State University, 4 Svobody sq., Kharkov-310077, Ukraine 
tel. 47-10-12, E-mail: gokov@edu20.kharkov.ua 


Using a partial reflection technique, characteristics of quasiwave disturbances in a midlatitudional ionospheric D-region and 
variations of ionospheric plasma parameters (the electron density N, the drift velocity V of small-scale N-irregularities) during 
magnetic storms and sudden ionospheric disturbances (SID), were experimentally investigated. We have found the following: 

a) over periods of short-time SIDs in the ionospheric D-region, acoustic-gravitational waves having periods of T < 5 min are 
generated or enhanced; 

b) in the lower ionospheric D-region (z < 70 km) during magnetic storms and 5 -10 days later the enhanced-ionization layers with 
N=(2-8)10° cm”, which were due to charged particles precipitating from the magnetosphere, have been recorded; 

c) in the upper ionospheric D-region (z > 70 km), electron density during a day-time in a period of the magnetic storm becomes 2-6 
times as many as if compared with that under quiet conditions. 
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ONYKTYAUAU TEMMEPATYPb! AHTEHHbI, 
OBYCHOBNEHHbIE BCHIECKAMM 
HELYMMETPOBOTO CNOPARUYECKOTO 
PAQUOU3NYYEHMNA CPEQHELUMPOTHONM 
UOHOCOEPDHI 


KanaHuu U.U., Po3symenko B.T., TbipHoB O.®. 
XTY, Xapbkoe, Ykpauna 


AxHomauua - Npoakanvsnpopanbl peructpayun cnopaguuecKxoro paguouanyyenua (CP) Ha 1420 MTy uv 1675 Mu, 
nonyyeHHble BonusK r. Xapbkopa B 1990 - 1995 rr. B TeueHve Gonee 5 000 uacos. VameputenbHbiii KoMNNeKc BKNIOYaeT B-cebA 
ABa MOAYNAWMOHHbIX NPYEMHMKa C CbNyKTYAMOHHbIM Noporom 4yBcTBUTeMbHOCTH 1 - 2 K 4 ABe HanpaBNeHHbie B 3eHMT 
@HTeHHbI: Kaccerpevina (quameTp sepkana 15 mMeTpoB) u pynopHoi. YctaHoBneHo, “To cbnyKtTyaliMm Temnepatypb! AHTeHHbI 
SaKNO¥eHb! B Npefenax AT,=2-5 K, ux ANWTeNbHOCTh t = 5 - 300 c, Nepvog Mogynaumu ot 5 c go 30 c uw rnyGuna Mopynaunu oT 
10 % fo 70 % c HauSonee BEPOATHbIMM 3HaYeHMAMU Temnepatypbl 7 - 14 K, anutenbHocTu 10-25 c, nepvoga 10 cw my6uHbl 
MoAynAuMN 20-30 %, COOTBETCTBEHHO. FINOTHOCTbh BCNNECKOB MeHACTCA KpaliHe HEPpaBHOMepHO Np cpesHeM 3sHayeHHNK 0,4 
Bennecka B Yac. CnektpanbHbif aHanu3 noKa3an uTo Bcnneckw c t> 20 Cc MpoMOAYNMpOBaHbl pasHbIMA YacTOTaMH 
OAHOBPEMEHHO. : 


1. BBenenue 


PaOoTa pafMvoTexHuyeckKux CUCTeM B 3Ha4WTeNbHOM cTeneHu onpegennetcA cbnyKtyauMAMu 
OTHOWECHHA CHrHan/ilyM. OHYM U3 YWCTOHHMKOB dbnyktyupyroluMx LWYMOB sABNAeTCA cnopagMyeckoe 
paquousnyyeHne voHocdepb!. Bneppbie Ha6niogeHva Co6cTBeHHOrO u3nyYeHuAr VOHOCHepb! GbiINN BbINONHeHb! 
B NONAPHbIX OONacTAX (cM., HanpumMep, [1]). Oxa3anocb, YTO pagnousnyyeHve aBpopanbHou noHoccdbeppi 
HaOnioqaetcar, NO KpaviHew Mepe, B AMana3zoHe 1-30 000 MIy [1,2]. Monck cnopaguueckoro vanyyueHyA Ha 
CPpeAHuX WipoTax ObiIn Hayat B 1969 r. [3,4] Ha ANKHax BonH oT 0,03 go 1,6 M. Bce Ha6niogaemble ABNeHUA 
MOXHO YCNOBHO pa3OuTb Ha Tov Tuna [5]: OAMHOUHbIe BCNNecKH ANVTeNbHOCTbIO NOpAAKa AECATKOB MW COTeH 
CeKYHA, WYMOBaA OypA (noBbilieHve cbnyKTyauui), AnuTenbHble V3MeHEHVA CpeAHero ypoOBHA vanyyeHua. 
HauGonee yacTo Ha6niofalotca ABNeEHUA NepBoro Tuna CoO CpeAHUMM NpoAONxKuTenbHOcCTbIO BeMNecKkosB 0,5-4,5 
MUHYTbI WU APKOCTHOK Temnepatypow Ao 50 K (nnoTHOCcTb noTOKa uanyYeHuA NoprAAKa 107? Br m7 ru’) B 
REUMMETPOBOM WU CaHTMMeTPOBOM Avana3soHax, YACNO BCNNECKOB B Yac (MNOTHOCTb BcnneckoB) NpuMepHo 
NPONOPUWMOHANbHO ANUHE BONHbI Aw ANA A=0,16 mM CoctaBnaet 0,5 Bcnnecka B Yac, a ana A=0,5 m npumepHo 4 
Bennecka B Yac. 

B XapbKOBCKOM rocyHvBepcuTeTe HapAAy c Ha6niofeHvem cnopaguyueckoro paguov3snyyeHuA B 
HEBO3SMYLLWGHHbIX = YCNOBUAX TalOoKe NPOBOAATCR UCCnefoBaHWA chopagnuyecKkoro § paguonanyyeHma, 
OOyCNOBNeHHOrO AHTPONOreHHbIM BO3neVcTBUeM Ha UOHOCdbepy. 


Il. Meroguka akcnepuMeHutTa UW OGpaboTKM MaHHbIx 


UssectHo (cm., Hanpumep, [6]), YTO B pagnousnyyeHve VoHOCdepbI Ha = YacToTax f > 107- 10° Mru 
OCHOBHOM BKNag AaeT TOPMO3SHOK MexaHu3M, OOYCNOBNeEHHbIN CTONKHOBEHUAMNM SMEKTPOHOB Ha BbICOTAaX 60 KM 


SZ < 150 KM. OchcbektuBHan Temnepatypa Ter dOHOBOTO TOPMO3HOFO M3NYYeHUA aMeKTPOHOB CcboHOBON 
nna3smMbl onpeAenAetca COOoTHOWeHNeM [6}: 


_ 


Tere ' Ne Ni Te’, (1) 


re Ne - KOHLEHTPalMA SMeKTPOHOB, Np, - KOHLJEHTPAaluA HeviTpanoB, Te - TeMnMepatypa sneKTpoHos. V3 (1) B 

YaCTHOCTM CNeAyerT BbIBOA O CYLUECTBOBAHMM CYTOUHOK 3aBUCHMOCTM Ter. No'nopagky BENNUNHb! Te ~ 1 K. 
QdcekTusHan Temnepatypa sBcmNecKoB TOpMO3HOTO pagMousnyYeHuA UOHOCdHepb! OT BTOPUYHbIX 

SNEKTPOHOB, NOABNAIOWUXCA Mp MOHM3alUun NOTOKaMM ObicTpbIxX YacTH, ONpeAeNnAeTCA COOTHOWeHKeM [6]: 


Tent ~ TSF, = (2) 


roe Ts ~ scdekTuBHaw Temnepatypa BTOPMYHbIX BNeKTPOHOB, F ~- NNOTHOCTb NOTOKA sHeEpruu, BHOCUMOrO B 
voHocdepy Obictpbimu YacTuyamu. U B 9TOM CNyYae 3HAYCHUA Tes OObINHO OKASbIBAaIOTCA noprnka 1K. B 
o6oux cnywanx Ter~f", YTO KaYeCTBEHHO cornacyeTcA ¢ peaynbTaTamMu HalwMx uccnegoBaHvii B DNana3z0He 
yYacToT f~0,15-2 FFy [7]. 

BBeAeHHbIM BbILe NOHATMeEM Sd*PeKTMBHOK TemMnepatypb! vsnyYeHuA yOOBHO Nonb3s0BaTbCA, ecnn 
oOnactb, ABNAIOLWIAACA WCTOYUHAKOM cnopagMyeckoro paguousnyyeHuA, 3aBef0MO 3aNOnHAeT rnaBHbiit 
nenecToK AvarpamMMb! HaNnpaBneHHOCTH. OAHako, NPOBeAeHHbIe Hamu uCcCNeAoBaHuA [7-9] c Uucnonb3oBaHveM 


Mavepuaant 6-H Meaaynapoanolt Keemcnot “Maxpowoanonoli Renpepenyun ReaaKo'G6 . 16-19 ceura6pa 1996 r., Cesacronoas, Kppim, Yepanva 
Proceedings of 6th International Geemean rAccrowave Gonference Gr’ ila'96. 16-19 September 1996, Sevastopol, Crimea, Ukraine 401 








ABYX @HTeHH (OfH@ “3 HUX MHOronyyeBan), KaKgaA C WUpMHO rmapHoro nenectKa MeHee 1° (KosdcbnuneHT 
HanpasnekHoro gelvicteva ~50 000), no3sBonunu ycTaHOBMTb, YTO BCNNMeCk M3NyYalOTCA c KBa3UNepUuofOM 1 ~ 
10° cus OTAENbHbIX OGNacTeW MoHOCdHepb! Ha BbiCOTaX Z2~120 KM, OTCTOALLIMX Bpyr OT Apyra B HanpasBneHun 
ceBep-tor Ha PaccTOAHMM R~SO kM, KOMNOHEHTa FOPU3OHTANbHON KadKyLUelicA CKOPOCTU NepeMeLWEHUVA KOTOPbIX 
B HanpaBnenHun BOCTOK-3anay CocTaBnAeT V~30 KmM/C; 3afeDXKKa BCMINECKOB U3 pasnUyHbix OGnactel KpatHa 7/4. 
Nostomy np vcnonb30BaHM AaHTeHH ¢ WMpPOKOM AvarpaMMoi HanpaBneHHocTu NOHATMeM scbdbexTuBHoH 
TEMNEPaTypbt M3NYYeHUA MOKHO MPOAOMKaTd NMONb3IOBATECR, ECNU BBECTH KOS@CMLINEHT aanonHeHNA 
AvarpaMMb! HaMmpaBNneHHOcTH w3snyyatolWwMMY OOnacTAMM. ORHaKO, NPOLWe MOLUHOCTb Ha 3axKuMaX NDVeMHON 
@HTEHHbI P MOKHO BbIPAINTb YePe3 NNOTHOCTb NOTOKA MOLUHOCTM u3anyYeHnsa MM: 


P= Ace Af, (3) 


re Act - scbcbekKTUBHaA NNOWAAb AHTEHHbI, Af - LUMpYHa MONOcbI MponycKaHuA NpVeMHON cucTeMbI. 
Takum o6pa30m, UcnoNnb30BaHve OCTPpOHAaNpaBNeHHOM aHTeHHb! yBeNuunBaerT Avcnepcuo fpWHATOrO CurHana 
NPONOPLVCHaANbHO 9PdekTUBHOK NNOW AAU AHTEHHbI. 

NpegenbHo oOHapyKuMaA NNOTHOCTb MOTOKa Mmin 3ABNCUT OT SchdeKTUBHOM Temnepatypbl WwyMoB 
pagquonpuemMHou cuctembl Ty: 


Mmin= 10 k T, (C (Af Aty??y" (4) 

re k - NocTOAHHaR Bonbumana, C - nocToAHHas “nA AaHHOrO Tuna NpvemHuka BeNnWwunHa (~1-2), At - 
BpeMA HakonneHyA curHana. | 

Hamu [7,9] npopegeHo vccnegopakve meTogukn o6HapyKeHuA cnopaguyeckoro pagvousnyyueHun 
voHocdepp! OT Ty. B YaCTHOCTM, K MHOronyYeBoO AHTeHHE C LUMPHHOM OfHoro NenectKa ~1° NOAKNHOYasIUNCh 
NOOYEPEAHO OXNaKAaeMbIA XMKUAKUM FeNVeM MM BbICOKOTeEMNepaTYPHbIM ycunuTenu BbICOKOM YacTOTBI. 
YcCTAHOBNEHO, YTO, B CooTHeTCTBUM Cc (4), NOHMKeHve Ty MpuBoguT K BhIeNeHuvIO Ha OHE TOPMOS3HOrO 
USNYYeHNA SNeKTPOHOB COHOBOM nnasMbl BCMNeckoB BCe MeHbUIeM WHTeHCUBHOCTY, TO NoO3BONAeT 
AccneAoBaTb Gonee TOHKNe UX CBONCTBA. 

C YeNnbtO YMeHbILEHUA NPOMBILUNEHHbIX MOMeX ANA uccnefoBaHui BbIGpaHb! YacTOTb! 1420 MI u 
1675 Miu, oTBegeHHbie ANA paguoactTpoHomuueckux HabmiopeHui, 

OAHOK U3 NPUHATLIX NpoBepoK paSoTocnNocoGHOCTH METOAUK U3MepeHNA, KPDOME LUITATHbIX MpoBepok 
annapatypb!, ABNAeTCA perucTpauWA CyTOUHOK 3aBUcUMOCTH pagMvouanyYeHna nNoHocdeppl. 

OQ pa6otocnoco6HocTh meTogNK TakwKe cBYgeTenbcTByeT KayYeCTBeHHOe cornacve MexaY 
TEOPETUYECKOU WU PeElMcTpUupyeMoi 3ABUCUMOCTAMM UHTEHCUBHOCTH BCNNeCKOB OT YACTOTBI. 

VU3mMepuTenbHbin KOMMNeKC BKNIOUaeT B CeOA ABA MOAYNALIVOHHbIX NPKeMHNKa C PNYKTYAUNWOHHbIM 
NOPOTOM YYBCTBVTeNbHOCTH 1-2 KW ABe HAaNpaBNeHHble B 3eHUT AHTEHHb!: Kaccerpeiua (Quametp 3epKkana 15 
M) UYU pynopHon. 


lil. OkcnepHMeHTaNnbHble pe3synbrTatb! 


OnykTyayuu Temnepatypbl @HTeHHb! ATs, O6ycnosneHHble Cnopaguyeckum Uu3ny4eHnem voHocdeppt, 
pericTpupoBanvice B paquocdu3svyeckow OOcepBaTopuu XapbKoBcKorO rocyHuBepcviTeTa BONN3N ropoga 
Xapbkopa B TeYeHVe Gonee yem 5000 4acos B 1990-1995 romax Ha YacToTax 1420 Miu uw 1675 MTy. 

UccnegopaHva noptTsepaunu cyWeCTBOBaHMe V3BeECTHbIX TpeX  TMNOB cnopaguueckoro 
paquousnyyeHuRr uoHocdept! [5]. Mout ace Habniogaemble ABNEHUA OTHOCATCA K TUNY OAVHOUHbIX BCNNECKOB. 
LuymMosbie Sypu uv MeANeHHO MeHAIOWaACA KOMNMOHeHTa Habmionanvich KpavHe penko. CratucTuyeckui aHanus 
pe3ynbTaTOB NOKa3an cnepyowee. 

1. Bennecku cnopaguueckoro pagnuonsnyyeHun YOHOChepb! BbIsbIBAIOT dnyktyauvun Temnepatypsi 
@HTeHHb! ATa=2-45 K AnuTenbHocTblo t = 5-300 cek c Han6onee BepOATHbIMN 3HAYeHMAMI Temnepatypbl 7-14 
K 4 anutTenbHocTn 10-25 c. ; 

2. AMNNWTyAa SonbuiMHcTBa BCNNeckos Sbina npomMopynupoBaHa; Nepuogbt MORYNALVN MeHAIOTCA OT 
9 AO 30 c, a rnyGuHa Mogynayuu ot 10% go 70% c HauGonee BepoATHbIMM 3Ha4yeHvaAMn nepvona mozynauun 
10 ¢ w rnyGutbI MopynAunnK 20-30%. KBasumogynayur oveBygHo o6ycnosneHa MUKponynbcauuamy Tuna Pi 1, 
KOTOpbIe UMEIOT NepvoAbl 1-40 c. O6 3sToM CBugeTeNbcTByeT HE TOMbKO pacnpefeneHue nepvogos mMopynaymu, 
HO UW TOT chakT, YTO BCNNeckN ANuTeNbHOCTbIO Gonee 20 c, Kak npaBuno, ofHOBDeMeHHO NpomMogynupoBanbl 
TAPMOHMKAMY C Ppa3sHbIMV YaCcTOTaMu. 

3. TINOTHOCTh BCNNeCKOB OTO AHA KO AHO MeHAeTCA KpaiiHe HeperynApHO. YcpeAHeHHoe 3a BeCb 
nepvog HaOniogenun 3Ha4YeHve NNOTHOCTM BCNNeCKOB paBHo 0,4 Bcnnecka B Yac. B TeyeHne CYTOK NNOTHOCTb 
BCNNeECKOB Cherka YBENnuwuBaeTcaA fo uv nocne nonyAHA. Ee MaKcUManbHbie 3HaYeHUA HaONosaloTcaA BO BpeMA 
wu nocne NepvofoB BbICOKOM CONnHeEYHOM (YvicNa CONHeYHbIX nATeH Bonbcbha W>150) nu reomarHuTHON 
AKTUBHOCTH. 


IV. BbiBoyvbi 


YcTaHOBNeHO, YTO BCMNeCKM CNopaguueckoro V“3NyYeHUA UOHOCHepb! Ha YacToTax 1420 M Puu 1675 
Miu Ha cpeaHux wupotax B 1990-1995 rogax BbisbIBanu cbnyKTyauun TeMNepatypb! AHTeHHb! B Npenenax 
ATa=2-45 K AnUTesbHOCTbWO t=5-300 c, KoTopble 6bINU NpomogynupoBaHb! rapMOHUKaMu Cc nepvofiom oT 5 ¢ Ao 
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30 ¢ wu rny6uHOK Monynaynu oT 10% Ao 70%, c HauGonee BeposTHbIMM aHa4eHvAMU Temnepatypb! 7-14 K, 
ANUTenbHOCTM 10-20 c, nepuona 10 cu rny6uHb! MogynAUUM 20-30%, cooTBeTcTBeEHHO. TINoTHOCTb BCTINecKos 
MeCHAETCA KpaliHe HeEpaBHOMePHO Np cpeAHem 3HaYeHuu 0,4 Bcnnecka B Yac. 


OGHapyxXeHHbie = dbnyxTyayun =Temnepatypbi aHTeHHb! MOryT MpeACTaBNATb WUHTepec npn 
NPOeKTMpPOBaHMK VU sKCriNnyaTalMu pagvoTexHuyeckux CucTeM B AMana3zoHe uacToT f>10 7% - 10 ° MI uy. Ana 
OWeHKM dbnyktyauMi Temnepatypb! AHTeHHbI Ha YacToTax OTNVYHbIX oT 1420 MI tb uv 1675 MFu moxHo 
BOCNONb30BaTbCA COOTHOLUeHKeM AT, ~f?. 
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ANTENNA TEMPERATURE FLUCTUATIONS DUE TO SPORADIC BURSTS 
OF DECIMETER RADIO EMISSION FROM THE MIDLATITUDE IONOSPHERE 


Kapanin I.1., Rozumenko V.T., Tyrnov O.F. 
Kharkov State University, 4 Svobody Sq., Kharkov-310077, Ukraine 
tel. 47-10-12, E-mail: rozum@edu20.kharkov.ua 


The records of sporadic radio emission (RE) bursts at 1420 MHz and 1675 MHz made near Kharkiv in 1990-1995 during more than 
9000 hours have been analyzed. The facilities comprise two Dicke microwave radiometers with a fluctuation resolution threshold of 
1-2 K, two antennas directed at the zenith, the Cassegrain system (15 m in diameter) and the horn radiator. it has been found that 
the RE bursts have the following parameters. Antenna temperature fluctuations vary within AT,=2-45 K, their duration within t = 5- 
300 s, modulation periods within 5-30 s, and the modulation depth within 10-70 % with the most probable temperature magnitudes 
of 7-14 K, duration of 10-25 s, period of 10 s, and modulation depth of 20-30 %, respectively. The reccurence rate of bursts varies 


extremely irregular with the average of 0.4 bursts per hour. The spectral analysis of data shows that the bursts with t > 20 s are 
modulated with different frequencies simultaneously. 
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AkHomauus - lpegnoxeHbl BELIECTBEHHbIe MOgerim CBEPXWWMPOKONONOCHSIX CHTHANOB VW YTOUHEHb! BbIZBMraemMble K 
HUM TpeSoBaHua. MonyyeHb! adanuTuyeckne pewieHiA 3afa4un O pacnpocTpaHeHUW BbICOKOYACTOTHBIX CBEPXWUPOKOMONOCHbIX 
CUrHANoB B OAHOPOAHOM, NvHeAHOM MW Napabonuueckom Coax nna3Mbl. 


i. BBegenne 


B nocnegHee BpeMA BO3POCc UHTepec K UCNONMb30BaHNIO CBEpxiwMpoKONoNocHbIx (CLUAM) curHanos AnA 
QMCTAHLVOHHOTO PaAMO3OHAVpPOBaHUR NMbfa, 3eEMHbIX Hep, BCeNoroAHOK GnwKHeM paguonoKalMn, CBA3U C 
NOrpyKEHHbIMU NOABODHbIMY NOAKaMM, NOKALWM NpHNOBeEpXHOCTHOrO cnoA Semnu u T.n. [1,2]. OTH CurHanb!i 
Takwoke NPUBNeKAalOT BHVMaHVe TeopeTuKOB [3]. 

Mpeactaspnretca Wenecoo6pa3Hbim npvmMeHeHue CLUIT curHanoB ANA pafuonoKkaluu KOCMUUeCKUX 
OObeKTOB, AVCTAHUVOHHOTO PaQNuO3OHANPOBaHMA OKONO3EMHOTO KOCMUUeECKOTO MpOcTpaHcTBa, UOHOCepHo- 
MarHUTOCHepHOKW paguocBA3sM WU T.n. B 9sTUX cnhyYaAX gQucnepcuoHHble sdcekTb! MOryT OKa3saTbCr 
OnpeAeNAOLMMM. 

Llenbio pa6oTbl ABNAeTCA aHanuTuYecKoe VW YNCNeHHOe MOZeENUpPOBaHve AVCNEPCMOHHbIX UCKaKeHUU 
BbICOKOUACTOTHBIX CLUM cuérdanos, BO3HNKaIOWWMX NpUu UX pacnpocTpaHeHuU B NNa3MeHHbIX cpesax, UMEHOLUUX 


3aKOH AUCHeEpcCuu 
2 os 2 2 
re Vi i - YacTOoTa CUfHara U nnasmMeHHas YacToTa Cpedbl COOTBETCTBEHHO. TakoW 3aKOH AMUcnepcun 


cnpaBesnus, Hanpumep, B MOoHOCdepe Semnv. 3aMeTUM, YTO AUCNEPCMOHHbIe MCKAXKEHMA Y3KONONOCHbIX 
curHanosB xopowo us3yyeHb! [4]. YTo xe KacaeTcA AUcnepcuw CLUN curHanos, To 3fecb NONbITKN OLIEHKY 
BENUYUHbI Scbcbekta TONbKO NpeANpuHMMaloTcsa [5]. 

Nog CBEPXLWMPOKONONOCHbIM CVTHANOM NOHUMaeM CHTHaN, KOTOpOrO NoOKa3saTeNnb LUMpOKONONocHoCTM 

i 7 2(f max = I iw) / 6 fone + Tag) 
roe fmax WU fmin - MA@KCUM@nbHaa Ww MMHMManbHan YaCToTbl CbyHKUMM CNeKTpanbHOW MNMOTHOCTU CUrHana, 
YHoBnetBopxetT ycnosub [1] 
l<u< 

Nog BbicoKkoyactoTHbim CLUI curHanom 6yfem noHvMatTb CLUN curndan, pacnpocTpaHAroWuicr B 

mna3MeHHOU cpege, ANA KOTOpPOrO BbINONHAeTCA ycnoBne 


eae ae 


ll. OCHOBHbiIe pesynbTaTbI 
[lpv pacnpoctpaHenyu CLUM curHana B nonyOecKOHeYHOU cpene ( z>0 ), KoTOpaA xapaKTepu3yeTcr 
nepegatoyuHou dyHkKLiven . 
K(F,Z) = K(F,Z) exp(-i olf, Z)) 
(anecb HW Manee ToUuKa CBepxy Hag’ BENMYWHOM OOo3HaYaeT €€ KOMMNEKCHOCTb), aMNnnutyAa snekTpuyeckoro 


nonav E(T,Z) Ha paccTOAHuUN Z OT rTpaHuUbl cpegbi uMeeT Bug [4] 
CO 


E(T,Z) = | S(F)K(F,Z) exp (i2aFT)d F 


—6 


roe 
S(F) = | E,(1) exp(-i2aFT)dT 


- CNeKTPanbHaA MNOTHOCTh Nafatouwero Ha cpeAy curHana Eo(T)=E(7,0), + - gnutenbHocTb curHana, c - 
CKOPOCTb CBeTa B Bakyyme, 


T=(C¢t-zioiit, ZS 2 ACT F= ft, 
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T WMeeT CMbICN Oe3pa3MepHoro BPeMEHM B CHCTEME KOOPAMHAT, ABVXKYWEVCA CO CKOPOCTbIO C B TOM Ke 
HanpaBnenuu, YTO MW CurHaNn. B TaKoW cucTteme KOOpAMHAaT cbyHKLiMa E(7T,Z) onpemenset cbopmy curHana Ha 
PpaccTOAHMN Z OT FpaHUlbt CpeAb! MW HE YYHMTHIBACT 3aNa3ObIBAHUR, CBASAHHOTO C KOHGUHOCTbIO CKOPOCTN CBeTA, 
ZUF - Se3pa3smepHble KOOPAMHaTa WV YacToTa COOTBETCTBeHHO. 

B cnyyae HEORHOPOAHON NNasMeHHOK CpeAbI Np OTCYTCTBMM NornouwleHHA 


Z 
K(F,Z) = exp(-i2aF| n(F, Z)dZ) 


rae n(F,Z) - noKa3satenb npenomnenua cpesbl. 
Bbipaxenne ana E(T,Z) B ONHOpOAHON cpefe, NonyYeHHoe MeTOAOM CTal|MoHapHos chasp! [7,8], vmeerT Bua 


-1/2 
E(T,Z) = Yani EF 


S(F.,) exp(ti 7 + ipl.) 
rae BbiIOop 3Haka '+' unui '-' onpegenneTcA 3HaKOM d’p/dF* npu F=F,;, 
PP, Z) = 2aF(T + ZL - nF))) + 9,(F), 











- (asa, CTauMoHapHble TOUKM F,; KOTOpOK HAaXOAATCA U3 yonoBuA cc Ae 0 


S(F) = S(F) exp(ig,(F)) 
Aina fanbHevwero aHanu3a HeOOxogMMbl KOHKpeTHbie Mogenu CLT) curHanoB Eo(T). OcHoBHbie 
Tpe6oBaHuar K HUM TaKOBbI: 


j E,(T)dT = 


( yenosue usanyyeHna CLUM paguocurnana), £,(Q) = E,(l) =, a tTawxe ycnosue HenpeppiaHocty 


yHkuun Eo(T). Npw paspa6otke ananuTuyeckux mogenei Mbl TakKe CTpemMunvch K MX MpoctToTe Hn 
aneKkBaTHocty. Mpumepamnu Takux mogeneh MoryT 6biTb cnepyroune: a 


E,,{T) = (-))" sin(QmT)@(T) 

Ey,(T) = (-1)" sinQamT) exp(-QT - 1)’ )0(T) 
E,,(T) = (-l)" exp(- ar - i) s in(2mT)O(T) 
Bu) Seiya pr - 1) $ in (2anT)O(7) 

Ey = = (1 - aT — 1) cos (2aT)O(T) 


t 


ceil 


rae N = 2n ana yeTbIpex mepBbix mogenei, N = mn + 1 gna nocnegnei, N - Konuyectso 
nenectkos CLUN curnana, n(T) - PYHKWYMA X9sncanyza, 
OCT) = nT) - n(T - Db, T=ti/ ¢. 


BuiGepem, Hanpumep, mogenn 4 v 5. {nA oAHOpogHoro nnasmMeHHoro cnoA c 3aKOHOM Avicnepcun 
nwe(F) = 1- FY / F’ — umeem 
1 All’ £,(A, T)A -— f, cos (avA / 2T)) 
14 312 73/4 (n? — A | 2T)? 
me A = ZF?, f, = (-1)", f,(F) = nF anamonenn4, f, = 1, f,(F) = n? + F? 
Ansa mogenu 5. DakHoe pewieHve npumenumo nput g(27V¥2AT) >> 2V2A / T° 


fina nuveiHoro cnow TONMUMHb! Zm, HaYvHarolwerocA npu Z=O uv wMetolero 3akOH W3MeHeHUA 
KOHeHTpayun sanexrpoHop Byga N(Z) = NZ / Z,, me N, = N(Z_), cnpaseanneo 
cnepyloluee BbIpaxeHne 


ET, 2) = 2. A falA, T) ~ fr cos @Ayl 1 274,)) 
i 3 da? day al (n? — A’ i (4TA,))? 


x COS (2MAJ/T / A, + mae 


rae f,,(A, T) = nA / (2T"7A‘!?) — gnamogenn 4, 
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E(T, Z) cos (2aV2AT + = 








fy(A,T) = n+ A’ | (4TA,) aria monenn 5. 


B cnyyae napaSonmueckoro crioa, ana Koroporo N(Z) = N (1 - (1 - Z / Z,)*), 
pelueHve 3aqauu uMeeT Bug 


gaps 24 2 OG Nts cos (tAf(A)y1 / 2TA,)) 
PS? mr? TOA (n? = A’ f? (A) / (4TA,))’ 


x cos (B0Af (A) JT / A, + 7 


me f,,{A,T) = nAf(A) / V4TA,, gna mogenn 4, 
frp(A, T) = n> + A°f?(a) / (4TA,) gnamogenn 5, 


A. = ZF, F -nnasmennan uacrora np Z=Zn, f(A) = V2(1 -~ A/ 3A,)'". 


m im” pm! pm 
YCNCBUA NPUMCHUMOCTH NPUBEACHHbIX BbILUe BbIDaKEHAN TaKOBb!: 


mt g(2HAJT | A, >> AT??A*”? — at g(30Af (A) a A) >> Af (A)T 324A? 


lll. 3axknioveHne 


MposefeHHble ViCcnegoBaHUuA MoKasanv, YTO AVMCNeEPCMOHHbIe VCKAKEHUA BbICOKOYaCTOTHBIX CLM 
CUTHANOB, PACNPOCTPaHAIOLUMXCA B OLHOPOAHOM MmNa3MeHHOM cCpefie, CBOAATCA K CNeAYyrOWleMy. 

Bo - NepBbix, MO MEpe YBENUYeEHMA MPOXOAUMOrO PACCTOAHMA BOSHMKALOT HOBbIe NENECTKM, a SHEPTUA 
Kak Obl mepekauuBaetTcA u3 GnvuxKavluux K NepegHemy MpoHTy curHana NenecTKOB 8B BO3HMKaiOLne 
nocnepAymouMe, B pe3ynbTaTe ¥ero aMNNUTyAa NENecTKOB NOCTENEHHO YMeHbLUIaeTCA, a ANUVTENIbHOCTb CUurHalna 
BO3PaCTaeT. 

Bo - BTOPbIX, B CUCTeMe KOOPANHAT, ABUKYLLIEMCA B Ty Ke CTOpOHy, YTO MW CUTHaNn, CO CKOPOCTbhO C, 
NOABNAeTCA 3ana3sAbiBaHve NepegAHero cpouHta curHana Mv 3ana3pbiBaHve Makcumyma ero oruGatoujen ( Takoe 
NOHATUEG MOXKHO UCNONb3OBaTb NO Mepe yBeNuYeHuA YUcNa NenecTKOB curHasa ). 

YueT HEOMHOPOAHON CTpyKTypb! CpeAbl Cc UCNONb3OBaHVeM NMHEMHOrFO KW NapaSonuyeckoro Mpodunenvi 
KOHLUECHTPaLIMU SNEKTPOHOB MPUBOAVT K YM@HbUICHYIO BOSHUKAIOWIMX AUCNEPCHOHHbIX scbcbeKToB, Npuvem 
MakCMManbHbii acbcbextT Aria NUHeMHOrO CNOA CocTaBNsxeT NonoBuny, a ANA napaOdonnyeckoro - ABe TPeTbUX OT 
cooTBeTcTByiowero scdbcbexta ANA OfHOpoAHOrTO cnon. YMeHblUaeTCH TaWKe CKOPOCTb HapacTaHnAr 
BOSHUKAIOLLUIUX DUCNEDCHOHHbIX UCKAXKEHMM. 

C YM@HbLUGHMEM [1 ONNcbIBaeMbie sdbdektb!, KaK MW CNegoBano OKUAaTb, yMeHbluAatoTcA. Hem OHonee 
Y3KONONCCeH CHrHan, TeM MeHbWe eEfO AVCNEPCMOHHbIG UCKAXKEHMA, CBA3AaHHbIe C pa3snuyuvemMm B 
mpeo6pa30BaHWW pa3sHbix CNeKTpaMbHbIX KOMMOHEHT B cpefe. YCTaHOBNeHO TakwKe, YTO AVCNEPCMOHHble 
ecbcdexrb! cnaOo 3aBMcAT OT Buga UCNONb3yemonw MOgeNU CurHana. 

Pe3ynbTaTb! MaHHbIxX VvccnegoBaHvi Ha mMpakTMKe MOryT ObiT> MCNONb3IOBaHb! ANA OTbICKaHNA 
ONTVUM@NbHbIX SHAYEHUNH LL, NPV KOTOPbIX DUCNEPCMOHHble scddexkTbl ele AOCTATOUHO MaNbi, a NpeumyiectBa 
CLUN cnrHanos yxe 3aMeTHO NPOABNAHWTCA. OUEHKA ONTUMANbHbIX 3HAYEHUM NapaMeTPOB UMeEeT CMbICN ANA 
KOHKPETHbIX CUCTeM. 
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DISPERSIVE DISTORSION OF HIGH-FREQUENCY ULTRAWIREBAND SIGNALS 
IN HETEROGENEOUS PLASMA MEDIA 


Lazorenko O.V., Chernogor L.F. 
Kharkiv State University, 4 Svoboda Sq., Kharkiv-310077, Ukraine 
tel. (0572) 45-75-61 


Recently the interests in the field of ultrawideband (UWB) radio signals application to remote radio sonding of ice and the bowels of 
the Earth, to communicating with submerged submarines, to all-weather radar, etc. have increased. It is expedient to apply UWB 
radar signals to the ionosphere-magnetospheric communication channels. This will allow to increase their throughput considerably. 
A wideband index 4 of UWB signals satisfies the condition 2 > 4> 1. A genera! peculiarity of such signal propagation in plasma 
medium is their dispersion distorsion. The analytical and numerical modelling results of the UWB signal propagation in plasma 
medium are described. 
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Axhomauus ~ NpuBegedbt npumepb! cbusnueckux npoleccoB ecTeCTBeEHHOTO KM VCKYCCTBEHHOFO MpovicxoxKAeHUA B 
OKONOSEMHOM KOCMUMECKOM MPOCTPaHCTBe, WMEHOLUWX CBEPXWMpOKMA crekTp. BbinonHeHo YNMcneHHoe MmoOsenupoBaHne 
PacripOCcTpaHeHih BbICOKOUACTOTHEIX CBEPXWWMPOKONONOCHbIX CHTHaNOB B OAHOPOAHOM, NAWHeEMHOM HW NapaGonuuecKom 
ANA3MEHHbIX CNOAX C YYSTOM NOFolWeHuA UW Gea Hero. OGcyxqaeTcA NDUMEHUMOCTh NONyYYeHHbIX pe3syNbTaToB JIA MOHOCCPeppl 
Semnu. 


I. BBeneHne 


B mocnegHee Bpems B CBA3M C NMOABNeHveM MeTOAOB aHanu3a UW yBeNuYeHvem BO3MO>KHOCTeN 
BbIMUCHMTeNbHOrO =SKCNepYMeHTa ycununca WHTepec K aHanu3y cbvsnyueckux npoueccos, oOnagatouux 
CBEPXLUUPOKUM CNeKTPOM. Take CUfHalibl B pagMOTeXHUKe Ha3bIBaloT CBeEpxLuMpoKononocHbimM (CLIN) [1,2]. 
UX NPUHATO XapakTepu3z0BaTb NoKasaTenem WUPOKONONOCcHOCTH 


H = AG pane a J as) / Game + Jaa 
FRE fin WU fax -- MVHYM@albHas WM MaKCMManbHarm YacTOTb! B.cnektTpe curHana. [pis Fas >> Tz 


nokasaTenb {LL —> . ANA OBbINHbIX KBASMMOHOXpoMaTUYeCKUX Mpoyeccos << |. 


B kavectBe npumepos npuBegem Npoueccl v3 oGnactTu cbu3suku KocMOCca N reodu3nkn. 

1. MeteopHbie noToKu, BTOprancb B UOHOCdepy Semny, BbIsbIBAalOT KONeHAHMA FEOMArHUTHOTO MONA B 
Avanazove YacTor oT ~0.07 fo 7 fu. Tak B pabote [3] Ha6nioganuch KoneGaHuA C fmin=0.04 [uy U fmax=0.4 Tu (u 
= 7.6). 

2. ONEKTPOMArHUTHOe Y3NyYeHNe OT FPO3Z0BbIX pa3spAGOB B BUMeE CBUICTOB pacripocTpaHsetca B 
uoHocdepe uv MarHuTocdepe. Cnektp MonHueBoro paspafa nexut B nonoce ot ~7 [yu go 10° Fu, ocHoBHan 
UaCTb SHEP CocpefoToueHa B ANana3scHe 107-10" fu ( ue ) [4,5]. 

3. ONeKTpOMarHuTHblIe NonA OT 3eMNeTpPACeHH, NMpoHUKaloluMe YaCTMYHO B MWOHOChepy UH 
MarHuTocdepy, 3aHvmatoT Avana3oH YacToT ~10” - 10° Fy ( x2), HanGonbuIMi KoscpcbULMeHT NpOXoxKgeHUA 
UMeHT BONHbI C YacTOTONU 0.3-10 Fy ( u=7.94 ) [6}. 

4. Umnynbch! RaBneHvn Ha MuKpOOaporpacbax MPM TOYeYHbIX MOLUHbIX B3PbIBAX, 3EMNeETPACEHMAX, 
B3pPbIBaX BYNKAHOB UV KDYTIHBIX HeOecHbix Ten [7-9]. Vm CooTBeTCTBYIOT ANUTENbHOCTM VMMyNbCOB Y UCTOUHUKOB 
t~0.1 - 10 ¢ ( W~10"*-10"* Jpx),c~ 10-10" ¢ ( W~10'°-10"° [pK ), c~1-10 ¢ ( W~10"-10 Ax ), ~0.1-1 ¢ ( 
W~10"°-10'" Lx ). Ha pacctonuuax R>3000 Km 7~10-30 MV AMA BCeX UCTOUHUKOB, Npu4ueM fmin~10~ Fu, 
Fmax~O.1-7 Tu. Tippy stom pe=2. 

[naBHOU OCOGeHHOCTbIO pacnpoctTpaHeHua CLUNM curdanos ABNAeTCA UX AVCNepCNOHHOe NcKaKeHUA. 
ANA SNEKTPOMAarHUTHbIX BONH STO BbISBAHO AUCNeEPCVOHHbIMU CBOVCTBAMN OKOMO3EMHOM KOCMUYeCKON mna3Mbl, 
@ ANA akycTU4eckux MW MHCpasByKOBbIX - AuCNepcunei NpuzemMHoro aTMOCcbepHoro BONHOBORA. 


i]. OcHOBHAaA YWaCTb 


fina npumepa paccmotpum pacnpoctpaHeHve CLUM curHanos B Nnna3sMeHHbix Cpegax (OKONOSeEMHOM 
KOCMUYNECKOM NpoctTpancTse). ViccnefopaHuA Obinw nmposeseHb! ANA pasnvyHbix pa3spa6oTaHHbiIX HaMH 
mogenen CLUM curHanos uv 3aKoHa fAucnepcun 


mify=1- fp tf. : 
Npu BbINVCNeHUAX UCcnonbsoBaNncA anropuTM AvcKpeTHOrO GbicTporo npeobpa3scBaHvA Dypbe c npumMeHeHvem 
CNeKTpasibHbIX OKOH Bapnetta, Xana, X9mMMUHTa, NpAMOyrONbHOrO MW yCeYeHHOrO rayccoBoro OKOH [10]. 
AvckpeTusaluA UCXOAHOrO curHana OCYLeCTBNANach CornmacHo Teopeme KoTenbHuKoBa. 

YcTaHOBNeHO, YTO AVCNEPCMOHHbIe UCKaKeHNA BbICOKOYACTOTHbIX CLUIM curHanos {r.e. CUA 
CUrHaNOB, ANA KOTOPbIX BbINONHAeTCA YCNOBME fmin > fp, [AC fmin -- MAHVM@NIbHaA YacTOTa cneKTpa curHana, fp - 
nnasMeHHar YacTOTa CpeAbl), UMeloT CnepyiOLM XapaktTep. Bo - nepBbix, NO Mepe yBenuueHHA Npoxog_Mmoro 
PpaccTORHuA B cpene y CurHana MOABNAIOTCA HOBbIe NenecTkKu, B pe3syNbTaTe Yero yBenuunBaeTcA 
ANUTENbHOCTb CurHana 7. BO-BTOpbIX, SHEprMuA NepeKauvBaeTcA u3 GOnwKavWwMx K NepepAHemy cbpouTy 
NeENeCTKOB B BOSHUKaIOLMe NOCcHepylouine, NOSTOMy BENUYNHa HaNpAKeHHOCTH NONA B Makcumyme ormGaroulen 
Emax (€@ © He MOXKHO FOBOpHTb MO Mepe yBenuyYeHuA YNcNa NenecTKoB) nagaet. B-tTpeTbux, BO3HVKaeT 
3anasqbipanve NepefHero CpoHTa curHana 7; uv MakcumyMma orvOalolwel B CACTeMe KOOpAMHaT, ABYKYLUelicA 
CO CKOPOCTbWO CBeTa B TOM Ke Hanpasnenuy, YTO uv CuTHan. BBegeHue AaHHOW cucTeMbI KOOPAVHAT NO3sBONAeT 
UCKMOUUTh 3ana3sAbiBaHve CUrHana, CBA3SAHHOe C KOHEYHOCTbWO CKOPOCTM CBeTAa. 

OTMeTuM, YTO Np CpaBHeHuu addektos ANA OAHOPOAHOrO VU NMHeMHOrO CNoeB OKa3bIBaeTCA, YTO ANA 
NWUHeEMHOFO CNOA BENUUMHb! scpcekTosB COCTABNAIOT NPUMepHO NONOBMHY OT HaGNroAAaOLUMXCA B OAHOpOZHOM 
cnoe, a NPM CpaBHEHNW OAHOpOAHOrO u Napabonuyeckoro cnoeB AOCTuralOT ABYX TpeTeii. Oto oObACHAeTCA 
TEM, YTO B ODHOPOAHOM Ccnoe curHan yxKe B HaYane cpepb! ( Z=0 ) cpa3sy nonagaeT B O6NacTb MAaKCUMAaSIbHbIXx 
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AVCNEPCHMOHHbIX VWUCKaXeHMK, KoTOpaR ANA NuHewHOoro u napaSonuyeckoro cnoeB HarHonee cHiMbHO 
CKA3bIBalOTCA BONU3IN Z=Zm. BaxkHO TawxKe TO, YTO NO MEDE MPOHVKHOBeHUA CurHana B cpepzy onucbiBaemEle 
sdcpektol YBENMUUBAIOTCA C BbICOTOMN NMMHEUHO ( A~z ) ana OAHOPOAKOrO, NO KRANPATUYHOMY 3aKOHY (A A~z* ) 
Ana nuveHoro vu no Gonee cnokHomy NoMVHOMMaNbHOMy 3aKoHy ( A~z“(2-2/Zm) ) ANA napaSonuyeckoro cnoes. 

Kak Ww cnegoBano omkugatb, c YMeHblWeHKeM JL BENMYUHbI AVCNePCMOHHBIX scbcbeKToR TalwxKe 
YMEHLUUAIOTCA, UTO OOLACHAECTCA CHUKEHYEM OTHOCUTENbHOW WMPOKONONOCHOCTH CHrHana. 

¥cTaHoBNeHa, YTO Ha6Niogaembie scbdbektbl MANO 3aBUCAT OT BUAA VCnonb3syemMonw MOgAeNnK cyurHana uv 
MpUMeHAeMOro CNeKTPaNnbHOro OKHAa. 

YueT MOPNOLUeHWA NOKasbIBaeT, YTO HAONiOAaeTCA NoAaBnenne Sones HU3KOUACTOTHbIX CNEKTPaNbHbIx 
KOMNOHEHT, APVYeM BO BPeMeHHOKM O6NacTH sTOoMy COOTBeTCTEyeT nNogaBneHve XBOCTa cCUrHana, a 
CNEAOBATENbHO, YMEHbWeHKHE EfO ANUTeMbHOCTH WU aMNnnWtTyAbl orMOatowen. Bo3Hukarouimn scbcbext cnabo 
3aBUCUT OT BbISOpa MOAENK CurHana WY HOPMUpOBaHHOrO NPOdMMSIA SNeEKTPOHHOKM KOHUeHTpayMu N(Z), HO He OT 
aOconloTHOro 3HaY4eHuaA N. 

CooTHoueHnne MeExyy sccpekTamy, CBA3AHHbIMU C QUCNEPCKOHHbIMM VCKaKeHMAMY WC NOrnoWweHnem, 
pa3snuuHoe ANA pa3sHbix oOnactew voHoccbeppl. 

Npu vucnonb3oBpannn napabonuyeckok annpokcvmaljun npocpunsa N(z) B F - o6nactu ( ToNuMHa CNOA 
Z=200 KM, “acToTa CTONIKHOBEHU aneKTpoHoB v=10" c” ) ANA AHEBHOUM noHOcdeppl ( f max=710 Mu ) pin 
curHanos c rs10"' c, NPOWEAWUX BCIO OGNAaCcTh, AVCNePCVOHHbIe ViCK@KEHVA HECYLUECTBEHHb!, c 1r~10° ¢ 
Manbl, ¢ t~710° c - 3Ha4uviTenbHbl, ¢ 7~10% c - oueHb BeNuKN. Speck MornowjeHve chakTuuecku HE OkasbIBaeT 
BNWAHMA, B HOUHOK F - o6nacty ( fo max=? Mu ) aucnepcuoHHble acbdbexth! nossnatotca npu 1~10° c , 
CTAHOBATCA SHAYVTENbHLIMUA Mmpu t~70° c, a npv t~3-70° C UX MOXKHO OLIGHMBAaTb KaK OYCHb CUNbHbIe. B 
hocneptiem cnyyae NoABNAeTCA NOMMOLUWeHve, XOTA OHO HE CNUWKOM BeNUKO. Tak 7/79 YMeHbiWaeTcA Ha 76 %, 
Tm-Ha 15 %, Ema¥E maxa- 20 %, Ts akTuyeckn He M@HACTCA, 

B E - o6nactn ( z=20 xm, v=10* c" , f,=1 Mfu ) B cneactBue MeHbLuUeW NpOTAKeHHOCTU Vu BonbwWe 
YaCTOTb! CTOMNKHOBEHMA aneKTPOHOB Ha6niopaetca HECKOSIbKO VHaA KapTHHa. fucnepcuoHyHbie a 
HECYLUECTBEHHb! ANA 710° c, noaBnatwrtcr npu 7~10" C, CT@HOBATCA 3HAYMTENbHbIMY Mp t~3- 10” 
NornouwjeHne cKa3biBaeTca cnaOo, NpvyeM TONbKO B NocnegAHemM cnyyae, Korga t/to YMEHbWaeTcA Ha 25 o 
EmadEmaxo - Ha 12 %, T7W Tm NOYTU He MEHAHOTCA., 

Takum o6pazom, B E - wu F - o6nactax voHocdhepb! ana BbicoKoYacToTHbix CLUIM curxanos 
ONPEAENANMLUYMM ABNAWTCA AVCNeEpCvoOHHbie ascbdbextol, @ NornoujeHve BbIPaKEHO CpaBHUTEsbHO cnabo. 

B D - oOnactu uoHochepbi ( Z=20 km, v=10° ¢" » fp max=O0,7 Miu) ana rs3- 10: AucnepcuoHHble 
s@mekTb Manbil. OCHOBHYIO pOnb urpaeT mornowenne. OHO SHAYVTeMbHO Ana t~10° Cc, rae EmadEmax o 
yMeHbUIaeTCA Ha 60 %, W CTAHOBUTCA OYEHb CHNMbHbIM Npv t~3-10° c, Kora EmarEmaxo YM@HbLUaeTCA Ha 98 %, 
T.6. CATHAM NOYTH NONHOCTbIO NOMMoWaetca. 


iil. 3axnioyvenne 


1. QucnepcnoHHble WCKaXxKeHYA BbICOKOYACTOTHbIX CLUA curHanoB cBOgATCA K yBennYeHuto 
OTHOCUTENbHOU ANUTenbHOcTu curHana 7/7, YMEHbLUIEHYIO OTHOCUTENbHOM amnnutygbl ero oruGarowen 
Emax/Emax 0, NOABNEHMIO s3ana3gbiBaHvA mMepenHero cbpoHTa curHana 7? WU 3ana3sgbiBaHvVA MakcumymMa 
oru6atouien Tm. OHU ABMAIOTCA CYLUCCTBEHHbIMU AINA CUrHanos, Hino oe agai re BE - 7M F - o6nacTax 
voHocdeppl. {inn HOUHOM F - oG6nactu ( Zm=200 Km, fp=71 Miu, v=10" c” ) npu t~10°-3-10" ¢ wto~T, 2-120, 
T;~0,3-13, Tm~O, 7-35, Emax/Emax 0o~O,99-0,15, ANA BHeEBHOK F - o6nactu ( f,=10 Mlu) npu 7~10° aor ¢ /to~1, 2- 
520, fr, 3-A0, Tm~O,7-120$, EmaE max o~0,99-0,09, AnA E - o6nactu ( 2m=20 KM, fp=1 Miu, v=10* c! ) np 
t~10" -3-10" ¢ 1/t0~1- 13, Tr~O-1,7, Tm~O0-4, Emad Emax o~ 7,00-0,33. B D - o6nactu ( f=0, 1 Mlu, 2m=20 Km, v=10° 
c' ) pucnepcuoHHbie spdektol Ana r~10™ -3- 10° ¢ BbIDaxKeHbI OUCHb CnaGo. 

2. Tipu cbukcupoBaHHom 7 BkNag pa3snuuHbix o6nacteii voHOCmepbi Takos. Hanpvmep, curHan c r=10" 
Cc npu npoxoxKgeHun D-o6nactu He MeHseTcH, B E-oOnactTu AvcnepCcvoHHble VCKaXxKeHUA CNaBHUTeNbHO Manbl ( 
Wto~5, T¢~~-O.7, Tm~1.7, EmadEmax o~0.55 ) W NOrmNOWweHvA HeT, 3aTO B F-o6macTu HaGnwAaeTCA OUEHb CUNbHOe 
AvcnepcvoHHoe pacnnbisanue ( t/to~520, T~40, Tin~120, EmadEmax o~-0.09 ) W 3ameTHOe NornoweHnve ( 7/ro 
yMeHblwaeTcA Ha 20 %, a Ema/E maxo- Ha 8 %. 

3. YueT NOMNOWeHKA NPUBOAMT K NOMaBneHulo HanGonee HV3KOUACTOTHBIX CNEKTPAaNbHbIxX KOMMOHEHT, 
YeMY BO BPEMEHHOU OOnactTH cooTBeTCTByeT NoMaBNeHve XxBocTa curHaNna. YMEHbLUAIOTCA efO ANUTESbHOCTh, 
amnnutyga oruOaioujeH, BpemMeHa 3ana3qbiBahHuA NepeAHero CpoHta wu mMakcumyma orvOarwwel. MaHHbie 
acPexro! CYLUCCTBEHHb! ANA BbICOKOYACTOTHbIX CLI] curHanos B D - o6nactu uoHocdeps!. Tak npu +r~70 se 
310° ¢ amnnutygza oruOatuen yMeHbluaetcA Ha 0-98 %, ANUTenbHOCTh umnynbca - Ha 0-40 % 
COOTBETCTBEHHO. BE - uw F - o6nactax uoHocdepb! nornolweHve QnA yKa3saHHbIX pahHee NapameTpos curHana 
CcKa3biBaeTcan cnabo. 
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Microwave Measurements 
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ABOUT THE PARTICIPATION OF UKRAINE IN THE WORK OF THE INTERNATIONAL 
ORGANIZATION COOMET IN THE FIELD OF ELECTRONIC MEASUREMENTS 
Yu.F. Pavienko 


NOrPEWHOCTU H3MEPEHUK VU KOHTPONA NAPAMETPOB 
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Anxomauus - B goknage NpuBOAATCA OCHOBHbIe MEXAYHapOgHble Oprannsallu No MeTpoNorMu VW cTaHAapTusayun 
HanpaBneHva UX AeATeMbHOCTH. PaccmMaTpuBaoTcA pesynbTaTbl yYactua YkpavHbl B OpraHvsauNn rocyfapcTBeHHbIx 
METPONOriyecKux yupexqeHii cTpaH LeHTpanbHou mM BocTouHoi Esponb! (KOOMET) B o6nactu anekTpoHHbIx usMepeHuid. 


i. BBenenve 


flocne o6peteHun He3saBucumoctu YkpavHa CTONKHyNach C npobnemol BbIXxona Ha M@xXOYHapoAHyto 
A@PeHy, Ha MMUPOBO PbIHOK, YTO HeEBO3MOKHO 6e3 yYacTVA e€ B Me XKAYHAPOAHbIX oOpraHvsaluAx, 6e3 
FaPMOHM3alMn ee 3aKOHOMaTeNbCTBa, CTaHAapTCB U HOPMATMBHO-TEXHUYeCKUX  AOKYMEHTOB Cc 
MexKOYHaposhbiMi HOPMaMM KM MpaBunamu. ECTeCTBeHHO, YTO 9Ta NpOONema cylecTByeT WU B TaKOKM KnioueBON 
oOnacti, CBA3bIBaloLUe MHOrMe OTpacnu Hayki4 4 TEXHUKY, KAK METDONOrMA VM M3MepVTeNbHaA TeXHiKa. 

Llenb foKnaya - NpeACTaBYTb KpaTKyO UHcopmalMio O6 OCHOBHbIX MeKAYHAPOAHbIX OpraHv3alMAX, 
KOTOpbIe 3aHUMalOTCR BONpOcaMM MeTpoNorMM MW CTaHAapTu3zaluu, a TakwKe NpouNNiocTpUpoOBaTb HeKOTOPpbIe 
pesynbTaTbl yuacTua Ykpautibt B OpraHvsayunn KOOMET B o6nacTu aneKTpOHHbIx U3MepeHui. 


ll. OCHOBHbIe MexAYHAapOAHble OpraHv3alun No MeTponornn Mu CTaHAapTM3auNN 


Ha ocHope Metpuyeckow KOHBeHuMY, NOANMcaHHOM B Mae 1875 roma, Sbinv yupexjeHbI NepBble 
M@XAYHapOmHbie OpraHb! MO BONpocaM MeTpONorMK MU CTaHAApTM3ayMN MpUCcOeAMHUBWIUXCA K KOHBeEHLMM 
cTpau. 

BbICLUMMM OpraHaMy cTan: | 

- TeHepanbHanr KOHtepeHyuA no mepam u Becam (FKMB); 

- Mex ayHapogHbii KomuTeT Mep uv Becos (MKMB): 

~- MexxayHapogHoe Gropo mep uv Becos (MBMB). 

OCHOBHbIMM HanpaBneHvAMM AeATenmbHocTM TKMB, cosbipBaemoi He pexe 1 pa3a B 6 NeT, ABNAeTCA 
onpefenennve nu yTBepxKGeHve eEANHKL CEu3sn4ecCKnX BENMYMH. 

MKBM rotosut pewexHua TKMB wu co6upaetca He pexe 1 pasa B 2 roga. Mpwv MKBM cospanbr u 
perynApHo paOotaiot 7 KOHCYNbTaTMBHbIX KOMUTeTOB, B TOM Yycne B oONacTH snekTpvYecTBa (B 
MeXxAYHAPOAHOK TepMuHONorMu nog snekTpvyecTBoM NoppasymMeBaetcA O6NacTb OT NOCTOAHHOFO ToKa {10 
onTuyeckoro §=AYana3oHa YacToT). UneHaMu 9TYX KOMUTeETOB ABNAIOTCR HayYHble MeTpoNormyuecKue 
OpraHN3aljMi pasHbix CTpaH. 

MBMB aBnaetca NocTOAHHO AeViCTBYIOLUMM HayYHO-TexXHMYecKiM yupexjeHvem MKMB u HaxogTca B 
r. Ceppe nog Napwxem. B ero coctas Bxogst 46 cTpaH (BKniovan Poccuio Kak NpaBonpeemHuuy CCCP). MBMB 
XPAHUT STaNOHb! MEXKAYHAPOAHOM cucTemMbi CV, BegeT UccneAoBaHuA No cyHAaMeHTaNbHOM MeTpOoNoruy, no 
CO3AAaHUIO VU COBEPLUCHCTBOBAHUWO 3TaNOHOB, COBEPWeHCTBOBaHUIO MeTOAOB Nepesaun pasmepos eAVHUL, OT 
STaNOHOB K OOpa3lOoBbimM uM pa6owumM cpescTBaM W3MepeHK, NpoBoAuT me xKAYHapOAHbIe cnu4eHua 
H@lL|MOHasIbHbIX STANOHOB Pa3HbIX CTPaH. 

B 1956 roy Obina cosqaHa MexgyHapoAHan opraHvsaluA 3aKoHOgaTenbHoON MeTponorun (MO8M), 
KOTOpan 3aHMMaeTCA BOMpOCaMM paspaOoTKM MexKAYHaPOAHbIX peKOMeHsAaUNi NO sKcNNyaTaynu, HOPMUPOBAaHMIO, 
NOBEPKE CHeACTB U3MepUTeNbHOU TeEXHUKH, NO O6paborTKe u NpeACTAaBNeHno pe3synbTAaTOB U3sMepeHui. 

Lta6-KBapTupa MO3M Haxoqutca B Mapwxe, B ee coctaB BxoquT 49 cTpaH-4neHoB n 36 cTpatH- 
KOppecnoHAeHTos. VcnondvtenbHbim opraHom MO3M sBnsetca MexkgyHapoghHoe 6lopo 3aKoHoAaTenbHon 
MeTponorun (MB3M). MO3M uMeerT cnoxkHyto MHOrocTyneHYaTylo CTpyKTypy, BKNIOUaIOLLYIO paboune rpynnbl uv 
cekpeTapuaTbl-goknaquuku. CCCP 6bin cekpeTapwaTom-fokKnaAyYuKOM nO paAAy KPYNHbIX NMpoekToB 
(MaHOMETPbI, ONTHYECKVe NMPOMeTpbI, KNaCCbl TOUHOCTH YU T.Z.). 

[naBHas sagaya MO3M - coaqaHue TunoBbIX MeXxXAYHAPOAHbIX pekomeHAauMi ana MHoroo6pa3Hon 
AeATeNbHOCTH cnyxKO 3aKOHOAAaTeNbHOM MeTpONoruM. Ota 3aqaya ABNAeTCA UCKMIOUNTENbHO CNO KHON, 
nockonbky MO3M nocToAHHO cTankvBaeTcA Cc pa3HbIMM NOAXOAaMU UM OpraHV3alVOHHbIMU cTpyKTypamu 
METPONOFMyecKux chyxO pa3HbIX cTpaH. B HacTomAujee BpemaA B MOSM Haxogntca B paboTe oKono 150 
KPYNHbIX MNPOeKTOB. 

B 1958 rogy Obina yupexfena MexgyHapoquar KoHqdepeHyuA no usmMepeHuam (UMEKO), ocHoBHaa 
LjeNb KOTOPOK - OOMeH OnbITOM MexKAYy CneyWanucTamu pa3HbIX CTpaH NO BONpOcaM Hay4HbIX OCHOB MW TeXHVKU 
M3MepeHui. OcHOBHanA chopma fAeATenbHOcTH UVMEKO - npoBegeHne mMexaqYHapoAHbix KOHTpeccos. Kpome 
TOrO, B G& CTPyKTYpe ECTb TEXHNYECKNE KOMUTETbI, NPOBOAALIVE MexKAyYHApOAHble CMNMOsHYMbI M COBeLaHNA 
no o6nacTam VW Bugam U3MepeHui. 
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QueHb Ba&KHYKHO ponb vrpaeT MexfyHapogHan opraHv3auvA no cTpaHmAaptTu3auuu (UCO), 
o6pa30BaHHar B 1947 rogy. B ee coctas BxoguT Sonee 90 cTpan, BKnKOUaA Yepauny (1993 r.). Cexpetapuat 
UCO Haxogutcn B KeHepe (LUpevuapun). VCO n3naeT MexXOYHADOAHbIN ChOBaDb OCHOBHbIX nw COLUMX 
TEPMUHOB MO METPONOrMN UW paspabaTbiBaeT BaxHeVLuNe ME XKAYHAPOAHbIe CTaHAapTol. 

TopopA 06 SNeKTPOHHbIX v3MepeHuAXx HeOOxoAumMo oCOo6O OTMeTHTb TakylO OpraHnv3allvio Kak 
MexayHaposhylo anexTpotexHuyeckyto KomuccHio (MOK, 1906 1.), KoTopas 3aHumaetcA cTaHgapTu3zauuer B 
OONACTH SNEKTPOTEXHUKU, PANVOTEXHUKM MW SNeKTPOHMKM. Poccua Bctynuna 8 MOK B 1911 Ff., a CCCP - 8B 1921 
r., YuacTuve B STOM Opranu3aLMV EbINno OYeHb MNOAOTBOPHbIM ANA COMMaCcOBaHVA COOTBETCTBYHOUIMX CTaHAapToB 
co cTaHfaptTamu MOK. 

CylWecTBylOT VU ADYrve MEXAYHAPOAHbIe Opraku3aluN B PaccMaTpvBaeMoN OGnacTn. 


lll. PernvonaribHbie MexoyHaponHble coobinecTBa no MeTponorMn 


MOMUMO 9TVX BaXKHEMLUUX  MEKAYHAPODHbIX  OpraHu3salM CYLIeECTBYIOT perMoHanbHbie 
MexKHYHapOAHbIe coobiwwecTBa No mMeTponorunu: 

EBPOMET (1967 r.) - opranu3ayun rocyfapcTBeHHbIxX METPONOrMMYeCKUX YYPEXACHUA CTpaH SanaAHon 
EBponbi; 

HOPAMET - ctpaH CepepHow Esponst: 

APMET - cTpaH A3suatckoro pernoHa; 

CUM - cTpaH JlatuncKon AmMepukn. 

B 1991 r. Obina co3qaHa aHanormyuHan OpraHv3auvA cTpaH LleHTpanbHoW u BoctouxHon Esponbi - 
KOOMET, kya H@ CerogqHAWHUMM DeHb BXOAAT 8 CTDaH - NONHOMOUHbIX YNeHoOB (Benapycb, bonrapusa, Jlutsa, 
Nonbwa, Poccua, PymMbinva vu YKpanna) uv 2 CTpaHbl - ACCOWMMPOBAHHbIX YUNeHa (TepmaHua u Kya). 

Ha CerogHALWHYY DeHb KOOMET - eguHcTBeHHan MeXxAyHapoAHaA mMeTpONorMuecKar OpraHv3zalyA, 
Kya BXORUT YKpavHa, MOosTOMy PaCCMOTPYM ee AeATeNbHOCTE NOApOOHee. CornacHo Memoparaymy o 
COTPYAHMYECTBE OCHOBHbIMY LienamMu KOOMET ssnsiotca: 

comenctBue scdbekTuBHOMy PeLIEHVIO BONPOCOB EANHOOOpa3snuA Mep, EQVvHCTBa U TpebyemMon 
TOYHOCTU U3MepeHui: 

pa3sBuTne COTPYAHUYECTBa B HAPOAHOM XO3ANCTBE KM YCTPaHeHNe TEXHUYECKUX NPENATCTBUH B 
MexXxYHapOAHONM ToprosBne; 

pa3paboTKa HOBbIX METOLOB VU CPpeACTB U3MepeHun; 

peleHnve BOMpocoB COLE WU 3aKOHOMaTeENbHOK MeTpONorMM: 

CO3faHve VU NPUMeHEHMe CTaHDapTHbix OO6pa3yoB CBOKCTB BeLeCTB MW MaTepvanoes, cOop u atTectTaLl|uA 
CTAHAAPTHbIX CNPABOUHbIX HAHHbIXx; 

pa3BuTne KanvOpoBouHbix cnyK6 UW CUCTEM aKKpeAVTaLW B COOTBETCTBMY C MeKAYHAPOAHbIMI 
NPVALUMNaMH WM Npouenypamy: 

Co3aqaHve YCNOBUM ANA B3aVMHOrO NPU3HAHMA pe3syNbTaTOB MeTPONOrMYecKOro KOHTPONA. 

CoOcTBeHHbIxX (UHaHCoBbIX cpegcTtB KOOMET He umeer. 

KOOMET paccmatpuBaetca efo YYaCTHUKaMY KaK OQHA U3 BO3MOXKHbIX ChOPM B3aUMOJeENMCTBMA C 
M@eXOYHAPOAHbIMY VW PerfOH@libHbIMA MeTPONOrM4yeCKMMU OpraHv3zalMAMU, a ANA YkpavHbl STO NoKa 
CAVUHCTBEHHaAN ChopmMa B3aMMOAEKMCTBUA Kak CO CBOVMM SbIBLUMMUY NapTHEepamu no COB, Tak UY BbIXof#a Ha 
EBPONeEUCKUK U MUPOBOK YPOBHY. 

PaSoton KOOMET pykoBoguT KOMuTeT, KOTOPbIN COpasoBan 14 o6nactew cotpyAHuyectBa no BugaM 
u3smepeHun. Komutet onpegenset Joknagyukos no o6nactsim, B YACNO KOTOPbIX OT YkKpaNvHbi Ha3HaYeHbt 
MoknaguuKw no snektpvyeckim (TlaBneHKo 10.0.) wv SWHeKHO-yrnoBbIM WM3MepeHvvAM (ConoBbeB B.C.). 
oxnaguvk KOOpAVHMpyeT COBMECTHbIe paboTb! B cBOoeW oOnacTW U3MepeHWi, VHdopmupyet KomuTet 
KOOMET u rotosuT rogoBble oTYeTbI. 

Heo6xogumMo OTMETMTb OcobylO ponb TepmMaHuy B pa3sBUuTMu eBponelcKoro coTpygaHuYecTBa B O6nactTu 
mMeTponoruu. TonoBHas MeTponornyeckan oprann3ayun Fepmanun - DefepanbHbin du3vko-TeEXHUYeCKM MHCTUTYT 
(ATB) aBnAetcA wneHom EBPOMET wu ogHoBpemMeHHo KOOMET u OkaabiBaeT peanbHytO UHDOPMaLIMOHHyW, 
HAYUHO-TEXHUNECKYKO MW -MaTepvanbHytO MOMOLIb cTpaHam BocTouwHowW Esponbl B nnaHe ux uHTerpauuu B 
eBponelickoe coo6wectTBo. Mpumepamu moryT cnyxkuTb mpoBegeHHble B SITE mMexaAyHapoAHble cnMYeHVA 
UCXOZHbIX M@Pp VHAYKTMBHOCTU WU eMKOCTH B pamMKax KOOMET, npurnawenve kK y“acTuio B M@*KAYHAapoAHOK 
KOHepeHLMM MO NPeLIV3MVOHHbIM SNeKTPOMArHUMTHbIM U3sMepeHuAM CPEM-96 B BpayHwsevre. Apu stom 
GONbUYIO YaCTb PaACxOfOB NO NpoBeAeHUIO sTUX MeponpuaTuH NTS B3ANO Ha ces. 


IV. Pa6botbi KOOMET B o6nactu aneKTpoHHbix H3MepeHHMH MW yYacTne B HUX YKpanMHbl 


Nporpammouw pa6bot KOOMET Ha 1996 r. 8 O6NaCcTU aNeKTPOHHbIX U3MEpPeHMH NpeAyYCMaTpMBaeTCA 
BbINOMNHeHVe 17 Tem. AHanu3s stow Mporpammb!, KoTOpan cocTaBnAeTcA MO NpeANOKeHUAM CTpaH-HYNeHOB 
KOOMET, noka3bisaeT, YTO OCHOBHbIMU HanpaBneHvAMH paboT UCcCNegOBaHUU ABNALOTCA: 

CHMUYEHMNA HAlL|VMOHAMbHbIX STANOHOB WNW VCXOZHbIX Mep, B YACTHOCTA EMKOCTU, MHOYKTUBHOCTH, 
NepeMeHHOrO HanpsKeHUA (B AVanasoHe 20 Ty - 100 KI), AKTHBHOM MOLUHOCTH (B quana3oHe 40 Ty - 10 KT u), 
AeBvauun YactoTe! UM Kone6aHmi, CTaHAapTHbix oO6pa3yoB MarHuTOTBepgbIX MaTepnanosB; 

CO3faHve, COBEPLUCHCTBOBAHMe U XPAHEHNe STANOHOB: SNekTPNYeCKOrO CONPOTMBNeHUA, NOCTOAHHOTO 
HanipsaxKeHuA, OJIC (Ha ocbdexte [Ko3edcoHa), cABura cha3 (B quana3soHe 0,1 Tu - 1 MI), Napametpos 
UMNYMbCHbIX CVUFHANOB, OTHOLUGHMA HANpPAKEHMA NEPEMEHHOTO TOKA; 
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co3AaHve aBTOMaTU3MpoOBaHHbix pabounx mMecT ANA NoBepku (MapaMmeTpoB sneKkTpuyeckux YWenev uv 
HOOPOTHOCTM Ha BbICOKMX YaCTOTAaX); 

KanNVvOpoOBKa BbICOKOTOUHbIX CpegcTa U3MepeHuN (V3MeDNTeENen HaNpsPyKeHHOCTU NoNA, usmMepuTener 
AMNNUTYQHOM MOAYNAUNN, V3sMepuTenev HENUHeNHbIX UCKaxKeHUN),. 

C TOYKY 3peHuA NOABUACB u3sMepeHuA B OONacTM aneKTpuYeCKUX WU3MepeHUM BeneTcA 8 padoT, 
M@rHUTHbIx - 2 pabotbl, pagvotexHuyeckux 7 pa6ort. 

Npeactasnset uvnTepec cpaBHeHue Mporpamm pa6oT no snektpuyectay KOOMET nu EBPOMET. Sto 
CpaBHeHve NOKa3biBaeT, YTO XADAKTEP U HANPABNEHHOCTb STUX paboT BeCbMa GNU3KU MU COOTBETCTBYHOT OOUIeH 
TEHDEHLUM COBPEMEHHbIX MCCNEAOBAHMM B SNEKTPOHHbIX U3MEPEHMAX: UCNONb3IOBAHVE KBAHTOBbIX adcbeKkTos 
ANA CO3Ma@HAA STANOHOB SNEKTPMYECKMX BeENWYWH, DanbHevwee pasBuTve pa6oT no yYTOUHeHVIO 
@PYHAAMeCHTANbHbIX CU3MYeCKMX KOHCTAHT U UX UCMONb3ZOBaHVIO B MeTPONOrMN, COBEPLUCHCTBOBaHVe U 
NOBbILUIGHKHE TOUHOCTH OCHOBHbIX 3TANOHOB VW UX B3AUMHbIe CNUYEHUA, PasBUTVe TEOPYM UW TeEXHVKY U3MepPeHHH 
Ha CBY. XOTA HeNb3A HE OTMETUTb, YTO YOOBEHb UCCNesoOBaHuN, OCOBeHHO CYHAaMeHTaNbHbIX, cyAA no 
NporpammMam, B EBPOMET splwe. 

Bosspaiasich kK Mporpamme KOOMET otmetum, 4To YkpavHa B 9TOM Mporpamme 3aHumMaeT 3aMeETHOe 
MeCTO KM ABNAeTCA KOOPAYHATOPOM ABYX paOoT: cnnYeHve Vv KaNnVvOpoBKa CpeAcTs BbICLUEM TONHOCTM B OOnacTu 
VU3MEpeHnA NapaMeTPOB POpMbi uv cNekTpa PpagvOTeXHUYeCKUX CUrHaNoB (MEBYAUMM YaCTOTbI, KOSccULMeHTA 
AM, KoodbcbuuNeHta HENVHeMHbIX UCKaKeHM), a TaloKe cnuueHue MW UCCNesOBaHVe O6pa3ljoB MarHUTOTBEpAbIX 
MaTepvanos. Kpome Toro, YkpavHa yYacTByeT elie B ABYX paOoTax: cnuueHuM Mep eMKOCTM MW CO3mqaHMV 
stanoHa OIC Ha sccbexte JpKo3ecbcoua. 

OuexvBan 3HayeHNe 3TMx paboT ANA Ykpavbl HeoOxogZUumMo OTMeTUTb cnenyrouulee. B cuny 
O6bEKTUBHbIX OOCTOATeNbeTB Nocne pacnaga CCCP Yxpavna ocTanacb cdaKxTuyecku 6e3 9TANOHHOM Ga3bi B 
o6nacTtu snektTpuyeckux w3amepeHvi. Yuactue B KOOMET gaeT BO3MOxKHOCTb YkpavHe yCKOPUTb 
BoccTaHOoBneHKMe cBA3eM c 6piBwimMmMUu NapTHepamu no CCCP wu BoctouHow Espone, a Take BbIVTH Ha 
eBponevicKu ypOBeHb paAAa TeXHONMOrMM, KOTOPbIMM He O6nagan CCCP. K HUM OTHOCATCA, B YACTHOCTY, 
TEXHONOFUN CO3MaHUA TEXHUYECKUX CPedcTB ANA UCNONb3ICBAHUA YNOMAHYTbIX BbILUe KBAHTOBbIX sdbcbekTos 
(Tpxo3zedcona, Xonna, Sluxapesa) B 3TanoHax Ga30BbIx sneKkTpuyeckux BeNnWvNH. HakoHeu, yYacTve B 
KOOMET, a Y4epe3 ety opraHv3ayuio uv 8B EBPOMET, no3Bonuno Ham BbIATH Ha eBpomeicKuh ypoBeHb 
CNUYCHMA STANOHOB B TeX BYAaX, THe Mb! 3AHUMaeM NepeAoBbie No3svLMu, B YACTHOCTH, B OBNacTU u3sMepeHuT 
MOUJHOCTH B MANNUMeTPOBOM Ahana3soHe YaCTOT - Takoe NpeANOMKeHKe HEAABHO HaMY NonyyeHo. 


V. SaknioyveHne 


Nocne npvobpeteHur HesaBucumocTu YepauHa, He OygAyuW NpaBonpeemHukom CCCP, okasanackb BHe 
MHOrMX MeKAYHAPOAHbIX OpraHu3sauui, B TOM YNCNe, UW B OBNacTH MeTpONOrMM WU CcTaHAapTu3aluu, YTO 
Oe3ycnoBHo NpenaATcTByeT €e BXOKAEHMIO B EBponelickoe MW MUNPOBOe coobuecTBO, UVHTerpayun B eBporielicKyto 
VU MUPoByld SKOHOMHKY. 

Yuactue YkpavHb| B KOOMET, Kak yxe Obino nNoKa3saHo, uMeeT Sonbiuoe 3HavyeHve ANA pa3sBuTuA 
MeTponormueckux UCCheAOBaHU VW AOMDKHO paccMaTpWBaTbCR Kak NepBbIA War Ha Ny K JanbHellwemy 
BXOKACHUIO YKpavb! B MEXAYHApPOsHble OpranHn3aynn. NpegActaBnaetcs, 4YTo yKe B OnvwxKalluue rofbl cnepsyerT 
CTpemuTecA BONTH B MBMB u MOSM, uTo cynuTt YkKpanHe xopouluve NepcnekTuBbl B NNave yuacTUA B MUPOBOM 
HAaYYHO-TEXHUYeCKOM Mpolecce. 


_ABOUT THE PARTICIPATION OF UKRAINE IN THE WORK OF THE INTERNATIONAL 
ORGANIZATION COOMET IN THE FIELD OF ELECTRONIC MEASUREMENTS 


Pavienko Yu.F. 
SSIA “Metrology”, 42 Mironositskaya St., Kharkov-310078, Ukraine 
tel. 0572 432572 ~~ 


COOMET is an international metrological organization of the countries of Central and Eastern Europe, founded in 1991 for the 
collaboration in the field of tegislative metrology, of standards and calibration service. Ten countries are the members of COOMET, 
including Germany, the fink with the alleuropean metrological organization EUROMET. COOMET is the only international 
metrological organization to which the Ukraine is included in. The participation in COOMET is important for the market 
reorganization of our metrology and the establishment of the concord with the international principles and standards of behaviour 
for the possibility of comparison of national standards of the Ukraine with the european and the international ones. The Ukraine is 
very active within the limits of COOMET in the field of electronic measurements. Having a rather good but not sufficient standard 
base, our country takes part in the international comparisons of standards, coordinates 2 works and our representative is elected a 
raporteur of the COOMET in the above mentioned field. This report contains an information about concrete works. 
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TLOTPEWIHOCTH W3MEPEHMM VM KOHTPOJLA TWAPAMETPOB 
MAPHMTOIMQJIERTPHRKOB HA CBS 


B.B. 4Wuoxos 


XapbKOBCKHH TOCyHHBepcHTer, pannodu3nueckuh dakyiLTeT, ka@enpa Pu3suKu CBY, 
310077, r.XappKos, Tnomanb Cao6ogsni 4, T.:(0572)-45-74-24. 


AHHOTALIMA 


Hcxons “3 weneii uw3MepeHvii H KOHTpONa MapameTpoB MaTepHanoB, B paboTe 
JaHbl Ollpewenenua STHX NOHATHH. [Ipupenen cpaBHHTeNbHbLIM anal; NOrpeisHocTeu 
W3MepeHuii WH KOHTPOJIA TNapamMeTpoB MarHuTOAMONeKTpHKoB Ha CBU. Oneneusl 
BCMMUMHbI OGWMX NOrpeuiHocTe W3MepeHHH HU KOHTpOIA. B kayecrBe mpuMmepa 
NpOaHalH3HpOBaHbl COCTAaBAOWMe COMIX BeEIMYHH MOrpeliHOcTeH pe30HaHCHOTO 
MeTOHa W3MepeHHH HM KOHTPOUA MapaMeTPOB JM3SICKTPHYeCKHX MaTePHasOB. 
VUnmocrpanveii cka3aHHOMy CilyKaT SKCHEPMMECHTAJIbHbIC Pe3yIbTATbl, NONYYCHHBIC C 
MOMOWbIO H3BeCTHbIX [1,2] H3MepHTembHEIxX cekuMi. I]pH 3TOM BeNHYHHAa 
OTHOCHTGIbHOH NMOrpeliHOCTH W3MepeHHA MIICKTPHYeCKOH IIPpOHHI[aeMOcTH 
cocTaBliaia oKkono 2%, a BeNHYMHA OTHOCHTCNbHOM MOTpelIHOCTH KOHTDPOJIA 
IIPOHHIaeMOCTH TOTO Ke MaTepuasia COCTaBusIa OKOO 0,02%. 


BBEJEHHE 


Pa3puTue TexHOnNOrHH mpon3BoycTBa CBU ycrpovicTs WH MCMOMb3yYeMbIX B HHX 
MarHHTOAMSIICEKTpHYeCKHX MaTepHasIOB TpeOyeT MOCTOAHHOTO COBePINeHCTBOBaHHA 
Me€TONOB HW CpeCTB H3MepeHHH aeKTpHueckux (MaYHHTHbIX) MapaMeTPOB aHHbIx 
MaTepHaoB. B cCBOIO oONepeytb, THpaxHpoBaHMe yCTpOWCTB Cc MarHuTOAHs- 
JIeKTPHYCCKMMH 93yeMeHTaMH enaeT HeOOXONHMbIM JIpOBeseHHe HelIpepbIBHOTO 
KOHTpola "kayecrBa" He TONJbKO MarHHTOAM3IeKTPH4eCKHX MaTepvasioB, HO 4H 
QIEMCHTOB M3 3THX MAaTepHasIOB H3TOTOBMEHHEIX. EcrecrBeHHO, 4TO TrapaHTuen 
Ka4eCTBA BbIMyCKAaCMbIX H3eNHH MOKeT CIYKATb UX OTOpakoBKa, MpoOBeweHHaA NO 
pe3yJIbraTaM KOHTPOJIbHbIX HMCIbITaHHH. OnHakO, Takve MCMbITaHHA HE TO3BOMAIOT C 
JIOCTATOYHON CTENCHbIO TOUHOCTH ONpeeuHTb BOSMOXKHbIC NpHyMHE! Opaxa. Mlonaruo, 
YTO JIA YBEMIMUYCHHA BLIXOMa TODHbIX H3AenMvH HEOOXOWHM IipeyBapHTeNbHbIM KOHTPOJIb 
MapaMeTpOB BCeX KOMIMICKTYIOWMX. B yciIOBHaAX COBPeMeCHHOTO MPOHW3BOACTBa 
KOHTpOJIb Ka4yeCTBa MeTaIMYeCcKHX 93emMeHTOB CBU ycTpoiicTB He MpeycrapisaerT 
TpyMHOCTH, B TO BPeMA Kak Hepa3pylllalolHH KOHTpONIb NapaMeTpOB MarHuTo- 
JIMSJIEKTPHYECKHX SIIEMCHTOB ABIIACTCA TOCTATOUHO CIIOKHbIM, OCOOeHHO ECIIM ykKa3aH- 
Hble 3IEMCHTbI HMCIOT pa3uIH4UHyFO TeOMeTpHyeckylo Popmy. K coxmanenuto, B NHTepa- 
Type KpaiiHe Mazo paOoT NOCBALIeCHHbIX BOMpOCaM KOHTpOJIA H WpakTH4eCKH OTCYT- 
CTBYIOT paOOThI, NOCBALICHHbIC aHaIM3y NOTpewiHOCTeH KOHTPOIIA, T.K. MOPPeLIHOCTb 
KOHTPOJIA IIPHHHMaeTCA PaBHOH NOrpewHOcTH M3MepeHH “a priori’. Pasrpannuenne 
NOHATHH W3MepeHHH HW KOHTPOIJIA NOSBONMIO Obl ONTHMAJIbHO MWIAHAPOBaTb MeCTOJMKy 
IpOBeeCHHA KOHTpONA HW Oomee TOUHO OLCHHBATb BEUIMYMHY NOTPCLIHOCTH KOHTPOIIA. 
Bce 9TO NOBbICHT TEXHOJIOFHYHOCTh MpoOH3BOACTBa ycrpolicts CBU uw coKpaTuT ux 
ceOecCTOHMOCTE. 


OCHOBHAA YACTB. 


PeuieHwe MOcTaBeHHOM 3anauH cCllelyer HauaTb Cc onpemeneHua ener 
MpOBeyeHHaA H3MepeHHi u kOHTpoNsA. B cuny BbILIeyKa3aHHOrO MOXKHO OTMCTHTb, 4TO 
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IleIbIO H3MEPCHHH ABJIACTCA ONpeNeIeHHe KONMYECTBEHHbIX XAPaKTEPUCTHK TOrO HJM 
HMHOTO OObEKTA HK ABJICHHA, B TO BPEMA KaK LesIbIO KOHTPOMA ABIACTCA ONpenemeHue 
COOTBETCTBHA TOPO MIM HHOTO OObeKTA (ABJICHHA) 3ARaHHbIM NapamMetTpamM. II pHHumMas 
BO BHHM@HHe OllpeneneHne NOHATHA H3MepeHHH, DanHoe B paSote [3], MOXKHO CKa3aTb, 
4TO H3MepeHHe SIEKTPOMArHHTHEIX NapaMeTPpOB Ma@rHNTOM3JICKTPHKOB - 3TO NoceNo- 
BaTCNbHOCTh IKCIICPHMCHTAIbHbIX WM BLIYMCIMTCHbHbIX ONepauWi, OCYUIeCTBIIAeMaA C 
IeCIbIO HAaXOKMCHHA 3HAYUCHHA DMOICKTPUYeCKON (MarHHTHOK) MpOHWWaeMOcCTH HU TaH- 
reHca yrla NOTePh MAarHHTOAMSNeEKTpuyeckoro MaTepuana. B TakOM ciy4ae, KOHTPONb 
NapaMeTPOB MaLHHTOAHIICKTPHKOB - STO MOCIICIOBATeCNbHOCTh 3KCIePHMEHTAJIbHbIX 
onepalwu, OCyINeCTBIAemMasd C WeNbIO YCTaHOBJICHHA COOTBeETCTBHA 3IIEKTPOMAlHHTHBIX 
MapaMeTpOB TeCCTHPyeMOTO MAaTHHTOAHIIeCKTPHKa, WMH SIIEMeCHTa W3 HeErO H3FOTOB- 
N€HHOTO, 3apaHee MPHHATOMYy HHTepBany. [panuunble 3Ha4eHHA yKa3aHHOrTO MHTep- 
Bala MOryT OBIT OMpeesieHbI KaK TeOpeTHYeCKH, Tak HW 9KCHepHMeHTaNbHO [4]. 
Vi3smepeHve WM KOHTPONb BKIIO"UaIOT B CeO pa3JIHYHble IICMeCHTbI, Cpe KOTOPbIXx 
IIpHCyTCTByeT WH OLWCHKA OTKIIOHCHHA NOWYYCHHOTO 3HaYeHHA W3MepAeMOH (KOHTPO- 
IMpyeMOH) BeJIHYHHbLI OT HCTHHHOYLO, T.€. MOTpeWIHOCTbh H3MepeHHaA (KOHTpomaA). T.x. 
IpOWecChl H3MepeHHA MW KOHTPONA B34HMOCBA3AHbI, AaHaIIM3 COCTABNAIOWIMX MOr- 
PpelUHOCTH KOHTpoaA SOyteM NPOBOAUTh HCXOA H3 aHasH3a NOrpelHOCTH W3MepeHHii. 
OOinad NOrpeuwiHOCTh W3MepeHHH Npencrapnaer coOoli cyMMy CHCTeMaTHYeCKHX 4H 
CJIYYaHHbIX MOTpeliHOCTeH, KOTOpPbie, B CBOIO OUepelb, MOryT ObITh pa3euleHbl Ha 
Heckombko rpynn [5]. [Ip ucnonb30BaHHuM pe3O0HaHCHOrTO MeTOZa H3MepeHHi cHCTe- 
MaTHYeCKad MOPpeuIHOCTh OyfeT COCTOATb 3 1) - MeTOQMYeCKOH NorpemmHocty; 2) - 
HHCTPYMCHT@JIbHOH NOrpelHOCTH H 3) - NpOH3BOACTBCHHOH NorpemumHoctu. Cnyyaiinas 
NOrpewiHocTbh S6yfeT CocTOsTb U3 1) - SKCMMyaTaWHOHHOKW MorpemmHoctu; 2) -mpon3- 
BOJICTBCHHOH MOrpelHOCTH KOHCTPyKIMOHHBIX NMapaMeTpos ui 3) - OnepaTopcKo nor- 
pewwHOCTH B OlpeyeneHuu 3HaYeHHH pe30HAHCHOM 4acTOTHI UW 3aTyxaHHA. TIIpn 
MpOBeCHHH KOHTpOJIA HET HEOOXOQHMOCTH B OMNpeGICHHM KOHKPeTHOTO 3HadeHHA 
JMINEKTPHYeCCKOH MpOHHIaeMOCTH HM TaHrenca yrua noTepb. [locraBuB B COOTBETCTBHE 
TrpaHHYHbIM (3a,}aHHbIM) 3Ha4eHHAM MpOHHLaeMOCTH HW TaHreHca yriia NOTepb 3HAYeHHA 
Pe3OHAHCHBIX YaCTOT HM COOCTBeEHHOH DOOPOTHOCTH MOXHO 3HAYMTEIIbHO YIPOCTUTb 
mpoyecc kKOHTposA. Mcnonb3yemMbii HOnXOA NO3BONAeT PU ONpexeseHHn NorpeLliHOCTH 
KOHTPOJIA He YIHTbIBATh CHCTeEMAaTHYECKHe COCTaBIAIOUIHe. YueT PakTa UTO KOHTPOIIb, 
Kak IIpaBHIO, MpOBOAKTCA B MaOopaTOpHbIX yCNOBHAX MPH OTHOCHTebHOM 
NOCTOAHCTBE TeMIepaTyp, BaKHOCTH HW aBNeHHA, MO3BONAeCT HE YYMTHIBATbh TPH 
pacueTax 3KCIJlyaTayHOHHy!O COCTaBAINyHO. OTCIOWa MOXKHO CelaTh BbIBOJ, O TOM, 
YTO BCJIMYHHbI NOTpewHOcTeH H3MepeHHH WM KOHTPONA TPM MCMONb3OBaHHH OHOTO HU 
TOTO K€ H3MEPHTeNIbHOTO MeETOMa MOLyT 3HAYMTENbHO pa3MuaTEca. JIaHHbIii BLIBOT 
NOJTBEpAWIIM SKCIICPHMEHTAJIbHbIC Pe3YJIbTaTb!I, MOUyYYeCHHbIe Mp HW3MepeHHu HU 
KOHTpOsle MapaMeTPOB TWIOCKHX JM9NCKTPHYeCKHX TWIaCTHH C HOMOL[bIO H3BECTHBIX 
[1,2] pesoHaHcHBIx cexyHii. [I[pu 9TOM, OTHOCHTeNbHaA NOrpelllHOCTh u3MepeHHa (0 
yacToTe) cocTaBua OKONO 2% ya OOenx CeKIHH, A OTHOCHTeNbHad MOPpellIHOCTb 
KOHTpona (10 4acToTe) cocraBHna OKoNO 0.2% mana cexuuu [1] wu oKono 0.02% ana 
cekyHu [2]. 


3AKJIIOYEHHE 


IIpospeqenubii B paOoTe aHasIH3 NO3BONHII KOPppeKTHO OL[CHHTb BCJIMUHHEI 
NOrpewmHOCTeH HM3MepeHHH WM KOHTPONA NapaMeTPOB MAarHHTOAMSICKTpHKOB pH 
HCMONb3OBAHHH Pe3OHAHCHOTO MEeTORAa, a TaKKe OLCHHTb BeNIMYHHbI COCTABIIAIOLUINX 
oOujeH MOrpeluHOCTH W3MepeHHi M KOHTPONA, 4YTO Bano BO3MOXKHOCTb BHeCTH 
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HeEOOXONMMbIe KOPpeKTHBbI KaK B W3BCCTHLIC, Tak WH B pa3pa6aTbiBaeMbie CeKIMK 
H3MePeCHHH MW KOHTDPONA. 
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THE MAGNETODIELECTRIC PARAMETERS MEASUREMENT AND TESTING ERRORS ON SHF 


Chizhov V.V. 
Kharkov State University, Microwave Devices Laboratory 
4 Svobody Sq., Kharkov-310077, Ukraine 
tel. (0572) 45-74-24, fax (0572) 47-12-72 


Taking under concideration the aims of material parameters measurement and testing these conceptions determination have been 
given in the report. The estimation of comparative analysis of measurement and testing errors of magnetodielectric parameters on 
SHF have been carried out. The values of measurement and contro! of common errors have been discussed. As the example, the 
components of common values of the resonant measurement and contro! method errors have been given. As the result of analysis 
it has been found out that values of measurement and contro! common errors differ from each other, at that the contro! error value 
may be significantly less than the measurement error value when the same method is used. As the illustration to the said above, the 
experimental results which have been carried out using the known measuring section have been given. The relative error value of 
dielectric permettivity e measurement was < 2%, and the relative error value of e testing was < 0.02% for the same material. 
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PASOMSMEPUTENBHAA CUCTEMA 
CBU-QMANASOHA 


KO... Muxanvnrok 
Ceeacmoniofbckuy eocydapcmeeHHbii mexHuYeckul yHUueepcumem, 
335053, Ceeacmorions, CITY, Cmyd2opodok, denapmameHm paduomexHuKu 
m. 0692 235018 


AxHomauus - insi w3amMepeHvn pasHoctu ¢ba3 curHanoB B CBU gnana3oHax, B YACTHOCTM CaHTMMeTpOBOM 
MANNUMETpOBOM, MCNONb3YKOTCA MeTOAbI, OCHOB@HHbIe Ha MHOrTOKpaTHOM mpeoGpasosaHvu YacToTb! Mvccnegyemoro 
curHana W nocnenyoluemM w3sMepeHvu Ha Gonee RV3KMX YacTOTaX, ANA KOTOPbIX MOxXeT GbiTb OOecneyeHa BbICOKAA 
TOUHOCTh W3MepeHv. PaccmatTpuBaetcn cbason3mMepuTenbHan cucTema Takoro Tuna, B KOTOPOK obecneunBaeTcA 
MOBBILIEHWE TOYHOCTU M3aMepeHM 3a CYeT YCTPaHeHMA NMorpewHocTel, OGyCNOBNeHHbIX HEUDEHTHYHOCTbIO ChasOuacTOTHbIX 
UW @MANUTYAHO-YaCTOTHbIX XAPaKTEPUCTUK KaHaNnoOB CUCTeMbI. VicknioNeHWe STMX NorpeuiHocTek oOecneywuBaeTcA nyTemM 
KOMMYyTallvid CHrHAaNOB Ha BxXOMax MW BbIxXOMax KaHanoeB CHcTeMbi. PlpupogutcA cipyKTypHan cxema cba30u3MepuTenbHon 
CUCTEMbI MW COOTHOWEeHMA, XapakTepusylolwWe NpeAnaraemMbid MeTOA U3MePeHNA pasHOCTU cba3. 


i. BBenenne 


MpoS6nema wu3smepenun pasHocth da3 B CBU guana30Hax, B YaCTHOCTM CaHTMMeTpOBOM U 
MUNNUMETPOBOM, 3aKNOuaeTCA B HU3KOU TOUHOCTU CpeAICTB, OCYLUIECTBNAMOLUIMX V3MepeHUA HEeMocpenCcTBeEHHO 
Ha BbICOKOM YacToTe. [Ip usmMepeHVYAX Ha HM3KUX YaCTOTAaX MOXKeT BbiTb O6ecneyeHa Gonee BbICOKaA 
TOYHOCTb, OAHAKO HEOOXOAMMO NPeABAPVTeENbHO OCYLIECTBUTb mpeoGpa3soBaHue YacTOoTb! uv youneHuA CBY 
CUrHanoB, NpvuemM B pAAe cnyyaeB 3TO NPUXOANTCA AeNatb HEOAHOKpPAaTHO. MorpewHocTu, CBA3AHHbIe Cc 
HEVUACHTMYHOCTbIO XAPaKTEPMCTMK KAaHAaNoB MpecOpa3soBaHvA YaCTOTbl MW YCUNEHVA, BOCTATOUHO BeNUKUY, YTO 
TpeOyeT paspaboTKu MeETOAOB UX YCTPaHeHUA. 


ll. OCHOBHaA YacTb 


CTpyktTypHanr cxema ctba3sou3mMepuTenbHou cucTemb! CBU qnana30Ha, peanusyiowen npeanomeHHbili 
MeTOD, NPUBEAEHA Ha PUCYHKe. 

Ha NepBsiA UW .BTOpOK BXOAbI KOMMYTaTOpa BXOAHbIX CurHaNnoB NocTynaloT NepBbili wv BTOPO BxXOAHbIe 
CUrHalibl, COOTBETCTBEHHO. KOMMYTaTOp BXOAHbIX CUTHanoB paboTaeT CUHXPOHHO C KOMMYTaTOpOM nonap- 
HOCTH, B ABa TaKTa, NDUYEM CUHXpoHU3aTop aipeiel nepuoguyeckyto NnocnegsoBaTeNnbHOCTh, ANA KOTOpON: 

= hy = Ty 12, 
roe T,- Nepvog KOMMYTALIUM: Ty , TH- arenes, 4eTHOrO HeYeTHOFO TaKTOB, COOTBETCTBEHHO 

B HeYeTHbie TakTb! pa6oTbl CAHXPOHM3aTOpa CHurHaNn Cc NepBoro BxoMa KOMMYyTaTOpa MocTynaeT Ha ero 
Nepsbii BbIXOZ MU Aanee Ha BXOA Nepsoro ycunvTenbHo-npeocbpasoBaTenbHore KaHana (YMK-1), a curHan co 
BTOporo BXO4a KOMMYyTaTOpa 2 - Ha BTOPOK BbIXOR KOMMYTaTOpa 1 UM 3aTeM - Ha BXOA BTOpOrO SORT SuBHe 
npeoOpasoBatenbHoro KaHana (YINK-2). 

B 4eTHbIe TakTb! paboTb! CUHXPOHN3aTOpa NepBbiii U BTOPOM BXOsAHbIe CUrHaNbI NocTynaloT Ha BTOPON 
N€pBbIA BbIXOAbI KOMMyTaTOpa 1 W Ha BXOpbI BTOporo MW NepBoro ycunuTenbHoO-npeobpa3s0BaTenbHbIX KAHANOB, 
COOTBETCTBEHHO. 

Ecru 3a ONOpHbIA NPMHAT NepBbIi U3 BXOAHbIX CMTHANOB, TO PasHOCTb cba3 AD paBHa 

AD = D1 - D2, rae 
@D; ,O2 - asbi nepBoro VU BTOPOrO BXOAHbIX CUFHANOB, COOTBETCTBEHHO. 
Benuuuka pasHocTu thas CUTHaNoB NPOMEKYTOYHOU YaCTOTbI Ha BXOfe cha3zomeTpa 
AY =, -Yo, roe 
YT ,‘P2- ca3b! curHanos NpomMexyTOUHOH YacToTb! Ha BbIxogax YIIK-1 uw YNK-2, cooTBeTCTBEHHO. 

Mpu stom ‘VY, = 0, - Ag; 2 = D2 B HeYeTHbIe TakTb! CurHana BHNABSHMeat One: a B YeTHbIEC TaKTbI ie 
2+ Ag; ‘P2= 1, roe 
Ag- pa3HocTb Haberos dba3b! B YMK-1 OTHOCUTeNbHO YNK-2. 

Torga 8 HeYeTHbIe TakTbl CurHana CHHXpOHu3aTopa 

‘VY = (D1 + Aq) - D2 = AD + Ag, 
a B YeTHbIe 
AY = (D2 + Ag) - D, =- AD + Ag, 
CurHan Ha BbIxoge chasometpa Ug nponopyvoHaneH usmepremol cbasomeTpom pa3HOcTM ca3: 
Ug = Kop AY, 
roe Ky - KOac>CULIMEHT NPONOpLIMOHaNbHOCTH. 

Ha KOMMyTaTOp NONnApHocTH MocTynaeT HanpmKeHVe C BbIXOMa cha3someTpa Up, @ MO cHrHany 
CUHXPOHW3aTOpa OGecnewnBaeTCA V3MeHEHVe NONAPHOCTH CHrHana Ha BbIXOse KOMMYTaTOpa NoMApHOCTH UKn, 
Npw STOM amnnutyAa curHana UKn pasBHa no Mogynto amnnutyge curHana Ud: 

Urn = Ugsign sinQt =KpA'¥ sign sinXt, 
roe 2 - YacToTa KOMMYTaLMu. 

Torga 8 HeY4eTHbIe TakTbl 


un = Kg(A® + Ag), @ B YeTHbIC 
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Urn = -Ko(- AP + AQ), UNM Un = Kp AD + Ky Ae sign sinQt = Un + AUa sign sinQt. 
B utore, mocne WHTefpatopa, Ha BxXCg KOTOpOrO NoAakT curHan UKA, nonyyatot Uy, amnnutyyza 
KOTOpOroO POR SPHVOHANENS U3MEPAeEMOU pa3sHocTy chaz AQ: 
— Uy = Un = Ky A®, 
V He 3QBUCHT OT BENUUNHbI VW 3Haka pasHoctu Ha6bera cha Ag B YCUNUTeENbHO- “NpeobpasopaTenbHbix KaHarax. 


li. SaxnimuveHne 


NpepnoxeHHar dasovu3ameputenbHar cuctema CBU nuana30Ha peanuv3soBaHa B SKCNEPUAMEHTaNMbHOK 
NPveMHOK cUcTeMe MYNNMMeTpOBOrO ANana3s0Ha W MOMeT HAaATH NpYMeHeHVe B CBU u3MepuTeNnbHbIx 
CUCTEMAX, OCHOBAHHbIX HA MHOTOKPaTHbIX NpeoOpasoBaHuAx YACTOTb! U3MEPREMbIX CVTHANOB. 


TL asta 
= MELE T Ae a 
Bx ‘ : Pr es pal 

A + 
ae a, get | 
) | 2 ; ] 
. ' ‘ ‘ 

u a 
Shoe aph ws | 


BxX<} 1 








PUC. Crpyxrypran cxema cdbasonamepuTensHok cuctemb! CBY jvanazona 


1- KOMMYTAaTOP BXOMHbIX CKrHaoB; 

2,3 - NepBLI M BTOPOK ycun“TenbHO-npeoGpaszopaTenbHble KaHanbl, 
sO COOTBETCTBEHHO; 

4 - chazonmertTp; 

5 = KOMMYTaTOp NONAPHOCTH; 

6 - MHTerpaTop; — 

7 = CHHXPOHMsaTOp. 


| IV. Cnvucok nutepatypp! 
[1] A.c. Ne 1205053 CCCP MKU G01R25/00. 


MICROWAVE PHASE MEASURING SYSTEM | 


Mikhailyuk Yu.P. | 
Sevastopol State Technical University, dept. of radiotechnics 
Studgorodok, Sevastopol-335053, Ukraine 
tel. (0690) 23-50-18 


Measuring of phase difference of microwave signal, for example, centimetre and millimetre bands, the methods based on repeated 
transformation of the researched signal frequency and subsequent measurement on lower frequencies, are used. Phase measuring 
can be supplied for low frequency with high accuracy. Phase measurement system of such type is considered. Increasing of phase 
measurement accuracy at the expansion of errors elimination, stiplated by non-identical phase-frequency and amplitude-frequency 
characteristics of system channels, is provided. The exception of these errors is provided by signals switching on inputs and 
outputs of main and basic channels of a measuring system. Scheme of phase measuring system structure scheme and ratio for 
offered method of phase difference measuring, are resulted. 
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YHHBEPCAJIBHBIE 30H OBBIE YCTPOMCTBA LIMPOKOLO NPHMEHEHHA 
AJA M3MEPEHRHA CTATHUECKHX H JIMHAMHOIECKHX HAPAMETPOB KPH- 
CTAJJIOB MOHOJIMTHBIX CBEPX BbICTPOXENCTBYIONINX WA®POBBIX 
MHKPOCKXEM, AHAJIOVOBBIX MOHOJIATHBIX MHKPOCKEM Hi TPAHS3H- 
CTOPOB CAHTHMETPOBOLO TMAMTASOHA YACTOT HA OCHOBE GaAs. 


Monos B.E., Adonnyes M.M., 3yoxos A.M., Jlenunen B.E. 
HWM "Wyspcap",105187,Mocksa,Oxpyxnon mp.,27, dare 095-366-55-83 


AnnoTauma. PaspaSotTaHbl, UCcCHexOBaHbI M BHepeHbI B 9KCHEPpHMeHTANbHOe HW CepHitHoe mpo- 
H3BOJCTBO NOJYIPOBOAHMKOBbIX NpHOopow yuHBepcaNbHble 30HT0BbIe YCTpolcTBa Aid W3MepeHHs 
HapaMeTpow UW pa3sOpaKoBKu WIMpOKOrO cleKkTpa KpHCTaWIOB NOMYHPOBOAHMKOBLIX mpHOopos Ha 
ocHope GaAs B AMatla3one yacroT Zo 20 IT a. 30ng0BbIe ycTpolicTBa No seKTpHdeCcKHM NapaMeTpamM 
He yCTYMaloT JIYAMMM 3apyOexKHbIM avalloraM MW OTIMTAaIOTCA BOSMORHOCTHIO COOpKH M3 MOCTaBOUHO- 
ro KOMMUICKTa IIEMEHTOB, HaslankKl W WepeHastankn COGCTBeHHBIMH CHlaMu NoTpe6utTens. 


1. Beexenne. 


IIpopefeHve NOIHOWeEHHOTO TecTHpoBaHHA KpHcTasWIoB Mepem cbopKoli mo pabouum, B TOM 
yYHcIe WM DHHaMMYeCKMM TlapaMeTpaM, NosBolIdeT ObecneyWTb co3qaHve UW BbIcoKo3pdekTHBHOE 
NpOM3BOCTBO M3]{eIMH O60 cTeneHH CHO%KHOCTH Cc MpMMeHeHvem OeckopiycHbIx TpaH3HcTOpoB 
HM MOHOJINTHbIX MHKpocxem. Mcnonb30BaHve B W3yenmNax OecKopnycHbixX NpuOopos aABIAeTCH ItyTeM 
TMi YMeCHbIWeCHHA TabapuToR, yJIyIWeHHA MoTpeOuTeNbcKUX CBOMCTB HM CHYW2KEHHA CTOMMOCTH 13- 
Hem a CileHOBaTesIbHO NOBbILIeHHA HX KOHKypeHTocrocobHocTH. [Ipumenenve Tecruposannus 
KpHcTasWIoB No DHHAMHYeCKHM MapaMeTpaM NO3BOsIAeT TakKxKe Pe3KO MOBbICHTb I¢eKTHBHOCTL 
pa3spaOorkH M cepHHHOro MpoM3BOTCTBA NOsTyMpOBOHMKOBbIX NpHOcpos 3a cueT 9KOHOMHH Bpe- 
MeHH Ha 9KCTEPMMCHTasIbHble MCCIeNOBaHHA WM NOBbILICHHA BbIXOa TOAHbIX Tocie cOopKu. Baroy 
TOUHBIX Ha 9Tale OOpaooTKU MilacTHH 3aBHCHT OT MIOWanM kKpucTaywia npubopa npu ycuoBun 
pealIv3allMH BbICOKOrO KaYecTBa MpoOu3BOICTBA: 


0.2 
sear 


YunTbiBad OOLIyIo TEHTeHUMIO K NMOBDILNEHHIO CTeneHH MHTerpaliiu 3JIEMeHTOB Ha OJTHOM 
KpHicTasuie MOX%KHO YIBepxTaTb, 4YTO MpMMeHeHMe sddeKTUBHBIX MeETOZIOB M CpeyCTB 30HZOBOrO 
KOHTPONA CTAHOBMTCA NIP 9TOM KJIOUeCBbIM MOMEHTOM. CocTosHve MHpoBoro pbIHKka Npu6opos 
Ha ocHoBe GaAs Ha ceroyHt HE COOTBETCTBYECT TIpe]IOKeEHMIO CpeACTB DJIA KOHTPONA KpHcTaIIOB 
9THX MpHOopos. CTOMMOCTh CpejCTB KOHTPOJIA He MO3BOIIAeT MMETb CPOK OKyMaeMOCTH 3aTpaT Ha 
STH cpeycTBa MeHee TBYX JieT, IPH 9TOM CTOMMOCTb ObICTPOM3HALIIMBaeMbIX CMCHHbIX 4acTeli 3a 
3TOT Nepvon OM3Ka K CTOMMOCTH CaMOro cpejcTBa. 

IIpeyctapneHHble B aHHOM oKNafe cpecTBa Jid KOHTposia KpuicTaswIoR Mpu6opos Ha 
ocHoze GaAs o6slamaroT KayecTBaMH, MO3BOJIAFOLIMMM YCTpaHUTb yKa3aHHoe HECOOTBETCTBHE. 









BbIXO][ TOAHEIX % 


ae 


2. Komniaekch 30nz0BbIe CBY 929K368.00.000 1 329K370.00.000 ana KoHTpoia TpaH3H- 
CTOPOB H MOHOAMTHEIX HHTerpaJIbHbIX CXeM. 


_ 


0 


Komiuiekcbl cofepxkaT yHupuuuposannbie CBY 30HM0Bbie CHCTeMbI, MOCTpocHHble M0 06- 
WjeMy ipHHiuiry. OcHoBy 9THx cHCTeM COcTaBlideT KOaKCHaJIbHbIii MUKPO3OHT C OUeHb Masioit 
CKOMI€HCMHPpOBaHHOM Napa3sHTHOH HHITYKTHBHOCTbIO KOHTAKTHOL HIIIbl. 

B cocras CBY 3soHq0BbIX cucTem B JIKOGOM cOo¥eTaHHM MOryT BXOAMTD HHIIMB HY asIbHO 
HacTpawMBaeMble: KOaKCHaJIBHbIe MUKPO30HbI, 30HIbI 3a3eMJICHHA HW 30HObI WMTaHHa. Takum o6pa- 
30M, CBY 30H0Bble CHcTeMbI MOryT oGecrieyMBaTb NOUBOT cHrHasa , 3a3eMIIeHHe V4 oyayy muTa- 
HMA K KpHCTasUIaM MUKPOBOJIHOBbIX NOJIYNPOBOAHUKOBbIX MpHOopos O6O TONOOrMN. 

OTH CHcTeMbI MOryT O6bITb JierKo ayanTupoBaHbi kK 1060 cepuitHo BbHINycKaemoli 30HTO- 
BOM yCTaHOBKe, NOSTOMY JJaHHOe ONMcaHHe MOX%KHO paccMaTPHBAaTb Kak WIUIKOCTpallMi0 K BO3MO%- 
HbIM BapHaHTaM HCciosIHeHHA KOMIVIeKcop. CocraB KOMIMIeKcOB B YacTH w3MepuTenei CBO 
MapaMeTpoOB NOyUPOBOAHUKOBbIX MpHOopoB MoxeT ObITb BbIOpaH Mo ycMOTpeHMto NoTpebutesa. 
Tak , HampuMep , Wa obecneyeHHA W3MepeHHA VM KOHTPOIIA LWYMOBbIX MapaMeTPOB BO3MO2%KHO 
nipWMeHeHve H3MephteeH TuMa X-5, a WIA M3MepeHua S-NapameTpos - w3MepuTesiel Tuna P-4. 
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Komrutexcs: 929K368.00.000 un 329K370.00.000 no3sBonstoT obecnesMTD B aBTOMATH- 
yeckom pexume 100% TexHouorMueckH KOHTposb Kpvictasios CB Tpax3vcTropoB M MOHOJIMT- 
HbIX MHTerpasibHbIX CXeM Ha IlacTHHe No Kos@uUMeHTy Mepewadn C MCMOWb3OBAaHHeM MIpOcTblx, 
HO 9PeKTHBHBIX MeETOXMK. OTH KOMIUICKCHI, ABJINHCh CAMbIMM MIPOCTLIMM BapvaHTaMu , B Hau- 
Goble CTeMeHM MO3BOJINIOT YACHHTb JOCTYMHOCTb H Naxke JIeTKOCTb OCYLIeCTBIICHHA 100%-ro 
KoHTpona CBU napamerpoB KpHcTanoB MONyMpOBRODHUKOBbIX MpHOopoB B aBTOMATHUCCKOM 
pexkuMe Ha cTaMM CcepHMHOrO Npon3BoNcTBa. 

IIpumeuanne: B cocraB yKa3aHHbIxX KOMIMIeKCOB BXOJIT aHasloroBble H3MepuTemu. B 
BapHaHTax KOMIMIEKCOB , CoJIepKalNUux WUpPpoBble H3MepuTesbHbIe Npuoopl, HeobxoguMa TISBM 
C COOTBETCTBYIOINHM Obecric4deHHem. 

Kommaecc 30nn0Bbni CBY - 329K368.00.000 mnpeqHa3sHayen ayia KOoHTpomA CBU cTpyk- 
Typ, B TOM YMcie, ApPCeHHATAaWIMeBbIX [OJIEBbIX TpaH3HCTOpos Ha TiacTHHe. KomrleKc Mo3BOIAeT 
KOHTpOJMpoBaTb CTaTHM4ecKHe NapaMeTpbl, KOIPMULMeHT Nepezay NO MOLIHOCTH , a TakKKe Mpo- 
V3BOIMTb OLleHKy NapaMerpoB KOHTposMpyeMbIx cTpykTyp. KontaxtTuposanne k miomankam CBY 
npuGopos , KOHTposb NapaMeTposB HW MapKHpoBka OpakoBaHHbIx CTPyKTYp MOXET OCYICCTBIATLCA 
B ABTOMATHYCCKOM PeXKHME. 

B mpoliecce KOHTpONA MOXKeT MpOMSBONMTbCA H3MepeHHe cyie7YIOWMX MapaMeTposB: ToKa 
oTceukH (Ic.oTc.), ToKa croka HayasIbHoro (Ic.H4a4.), TOKa yTe4uKH 3aTBopa (I3.yT.), a TakxKe KO3- 
(uueHTa ycveHua Tio MouHocTH (Kyp.). Kommsekc nmo3posiseT HaOsioqjaTb HacTpolky W KOH- 
TpOMpOBaTb (PYHKUMOHMpOBaHHe 30HJOBOM CHCTeMbI Yepe3 OMHOKYNAPHbIM MMKpPOCKON HM Ha 
gkpaHe TesIeBu3MOHHOW ycTaHoBKH. KoHTponb cIpykKTyp Ha MracTMHe MOXKeT MpOv3BosMTbCA Ny- 
TeM IIOCIIeOBATeJIbHOTO OOXOMa BCeX CTpyKTyp B ABTOMATHYECKOM pexkuMe (Garpy3ka H BbIrpy3Ka 
mlacTHH Bpy4Hyro). Cucrema yripapmenud oOecneuMBaeT BO3MO2XKHOCTb UCMOJIb3OBaHUA Tpex pe- 
2KUMOB paovoTol. 

ABromaTu4eckHii pexum. B stom pexuMe Mpov3BOQHTcA MOceMoBaTesIbHbIM OOXOL BCeXx 
KpHcTasuioB WiacTuHbl. Tipu stom npovcxoqvT aBTOMAaTH4ecKHH KOHTpOlIb Mo craTWyecKMM 
CBU napametpam. PesymbTaTbI KOHTposIA PUKCHPyIOTCA CrelMaM3MpoBaHHbIM KilaccupHkaTo- 
poM MIM ycrpolicTBom Ha 6a3e yHuBepcasbHoro IIK. bpakoBaHHble kplicTayuIbl MapKMpyioTca. 
Ilo oKoH4aHHH BCero IMKa W3MepeHH CTOJIMK BbIXOLMT Ha TO3HLMIO 3arpy3KH - BbITpy3KH, Ko- 
TOpble MIpoH3BONATCA Bpy4Hy!o. 

[lonyanromarHuecknii peaum. B sToM pexuMe MpoMsBoDHTcA NoWAaroBbld OOxon mactu- 
HbI B ABTOMATHYECKOM pexHMe, KOHTPOIb CTpyKTyp , MapKHpoBaHHe OpakoOBaHHbIX KpHCTasVIoB. 
Iipu oGHapy2keHHu ToAHOL CTpyKTypbI MpOHCXoAMT OcTaHoBka KOMIMIeKca. 

Pyanol pemxum. Tlepemeujenne ocyliiecTBiisetca MO KOMaHpe C MyIbTa To OfHOMYy Wary. 
Ilocne KOHTpouA CIpyKTypbI MapKMpoOBaHHe He MpoHsBOAHTCcA. 

Vcniomb3ya coueTanua pexHMOoB paOoTbI KOMIMIeKca, MOXKHO pelllaTb MHOrHe TeXHONIOrH- 
yeckHe HM HccneyoBatesbcKne 3agaun. Hanpumep, Hcnonb3ya NosryaBTOMaTHYeckHH pexkuM padvoTbl 
MOXKHO HaliTH KpHcTasvI c MapaMeTpaMH, YOBIIETBOpPAIOIUMMH 3a7aHHbIM YCHOBHAM, a 3aTeM, 
MepeKsHO4HB KOMIUIeKc Ha py4HOl pexuUM paOoTbI, C NOMOIJbIO LITaTHOrTO KOMIUIeKTa H3MepH- 
TelbHOM aliilapaTypbl, Hcnoub3yA ClielMasIbHyloO METOMKYy, MpoBecTH W3MepeHHe 3HayeHHi MO- 
nyneti S21,S11uS822 konrponupyemow  cTpyKTypbl. 

M3mepuresibHad JIMHHA KOMIUIeKca OOOpyHoBaHa yCTpOMCTBaMH [Nid COriacoBaHuA KOH- 
Tpomupyemoli cTpyKTypbl Mo BXOpy H BbIXOMy, ITO OGectIeuMBaeT BO3MOXKHOCTh NpMMeHeHHA Np 
NpoReneHHuH W3MepeHHit "TpancopMaTopHon MeToyMKH. KOHTpoub CTpykKTyp MOxKeT Mpov3Bo- 
pureed Kak B 50-OMHOM TpakTe, Tak HM B COrslacoBaHHOM pexnMe. B coriacopaHHoM pexkumMe 
TpeOyerca KOppeKLMA pesyNbTATOB M3MepeHHit C y4eTOM BENMYMHbI MoTepb Me%x}Ty COrIacyIollMM 
yCTpOHCTBOM H CTpyKTypoH. 

IIpH MpumMeHeHHH KOMIMIeKca B YCHOBHAX CepHHHOTO MpOWsBOCTBAa XOpollio 3apekomeh- 
yoBana ce6a Mmpocteiiiiat MeToMKa, OCHOBaHHad Ha CTATHC TH4eCKOM MeTOZe BbIOopa ypoBHA 
6pakoBouHO TpaHHbl WIA KospdpuuMenta nepeyaun. pu vcnowb30BaHHH TakOM MeTOTMKY 
rapaHTupyerca, YTO TOMHbIe KpMcTaswibI OyAyYT MMeTb KOIpMHUMeEHT ycHeHHA MO MOLIHOCTH He 
MeHee BbIOpaHHorTo yposHa. IipwH npHMeHeHHM KOMIMUIeKca DJIA peleHHA MccIlesOBaTesIbCKHX 
3alay cyleltyer OTMeTHTb, 4TO MPH TOM NOABMACTCA BO3MOXHOCTb ObICTpO MpoBecTH cpaBHeHHe 
Mapamerpos OosbUIoro KONMYECTBA CIPyKTYp, BbIABHTb WMHaMUKy MX W3MeHeHHA, HabpaTb cra- 
THCTWYCCKMH MaTepHasl. 

Komunerke 3onzoppit CBU - 329K370.00.000 ana xontponn CBU OMMC. Kommuexc 
npeqHa3HayeH JWId KonTposa CBU crpykTyp , B TOM 4McIIe MOHOJIMTHbIX MHTerpasIbHbIx CXeM Ha 
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riactuHe. Komiutekc mo3Boser KOHTpOMpOBAaTh CTaTW4eckHe MapaMeTphl , KoedPuUMeHT Tepe- 
au MO MOLIHOCTH, a TAKKE MPOM3BOANTb OL[EHKY MapaMeTPOB KOHTpOJIMpyeMbIx CTpyKTyp. Kou- 
TAaKTMpoBaHHe K ThIomjayKam CBU mpuOopos , KOHTposb MapaMeTpoB WH MapkupoBKa OpakoBaH- 
HbIX CIPyKTyp MOXET OCYLIECTBIATbCA B ABTOMA@THYUCCKOM PeKUME. 

B npowecce KOHTpOJIA MOXKEeT MpOM3BONMTbCA W3MepeHe Cite7yIOWMX NapaMeTpoB: MI- 
HUMa@JIbHOTO Toka Mranna Ic.orc. , MAKCHMaJIbHOrO ToKa MMTaHua Ic.Ha4y., TOKa yreukH env 
yipapnenma I3.yT., a Take kooppulMenta ycusteHua Kyp. Komiuiekc Mo3Bolser HaOJuODaTb Ha- 
crpoliky U KOHTpOJIMpoBaTh PYHKIMOHMpoBaHne 30HTOBOM CHCTeMbI Yepe3 OHHOKYJIAPHbIM MH- 
KpOcKONl HM Ha 9kpaHe TeyleBv3HOHHOH ycTaHoBKu. Hacrpolika 30H0B MO2KeT MpOM3BOAMTbCA TIpH 
TIOMOLUH BCIOMOTaTeJIbHOrO CTepeoMHKpockona. 

Komiiekc mo3BouaeT MpOM3BOTMTb KOHTpOJIb cTATHYeCKHX M DWuHamMyeckux CBY mapa- 
METPOB MOHOJIMTHbIX HHTerpasibHbIX CX€M B HE€COTIIACOBAHHOM PpeoXKHME. CuctemMa yilpaBJIeHua 
oGecneuuBaeT BO3MOXKHOCTH MCHONb3OBaAHHA Tpex pexUMOB paoorTHl. 


OcHoBubie TexHITeckKHe aHHble A XapakTepucTMkH. 

JIuana30H pa6ounux aacror, [Tn 

KommuecTBo KoakcHalbHbix 30HJ0B, IIT. 

KommuecTso 3a3eMJIaiOlHX 30H10B, LIT. 

KomuecTso 30H0B HM TaHHA, MIT. ee ee 
0 






TloTepv B 30HOBOM JIMHMH (ToOBKe) He Oortee, 1b 
KCBH 30H0B0K SMH (TONOBKH) He Gotiee, en. 


J|Mama30HbI W3MepeHul 
HanpsKkenua, B 


« 
mii 






as 
e 
° 
a i ene 


Toka nutans, A 0...0.3 


TOKa YTeuKH Ler yitpaBneHna, MKA. 0...10 
Ko3sbo@uUMeHTa YCcHNeHHA NO MOIMHOCTH, 0b on 


JlorpeiiHocTu w3MepeHna: 
HanpsaxKeHHaA, % 


+ |0. 
Toka NMTaHHA, % + [0,8+0.15(Ux/U-1) 
TOka yTeukH Lenu yipaBieHnuA, % + [7+0.5(UK/U-1 


0 
KosppuUMeHTa YCHIeHHA 10 MOLIHOCTH, % + (25 yp +7,5)? if 5 
30...2000 








MMUHXM&aJIbHbI pa3sMep KOHT&KTHOH MIoWaaqKH, MKM 


Martepvialt KOHTAKTHBIX WIOWMaoK | | Au 

Pa3MepbI KOHTpOsIMpyeMbIxX KpHCTaJvIOB, MM : 0.4...1.0 0.4... 2.0 
MamMerp KOHTpOMMpyeMBbIX TWiacTHH, MM 
TomllMHa KOHTpOuMpyembIx W1acTHH He MeHee, MM 
[[pon3sBOAMTesIbHOCTb KOMIUIeKca, CTPp o/gac 2000 

[ a6apHTHble pa3sMepbl KOMMIeKca He Goytee, MM 880x 1100x1550 


Macca He Oolslee, Kr 405 


Makc. 93)leKTpMyuecKkad MOIIHOCTb, MoTpe6mAemMad KOMIMICKCOM oy 
He Oomee, KBA 0.85 2 


Decal 
e 


3. Ycrpoiicrso 30nyz0Bee CBY c pyanbim ynpabaennem IT3K.004.00.000. 


YcTpolicTBo mpeHa3Ha4eHo JJId KONTAKTHpOBaHHA K Wiomlaykam CBY crpyktyp Ha mtac- 
THHe Wi B KpWcTamle, B TOM Ucle apceHHDLawMeBbIX MOJIEBbIX TpaH3HCTOpOB HM MOHOJIMTHDBIX 
MHTerpasibHbIX MHKpocxeM , H oGecrieyeHHsA BO3MOX%KHOCTH W3MepeHna CBU-napamerpos. 
OcHoBHbie TexH4ecKHe JaHHbie H XapakTepHcTHKH. 


Oomne: 
w3MepseMble llapaMerTpbl cTaTMueckue HW WHHamMuueckne (Kyp, Kin, S) 
jaama30H pabounx yacroT, IT y 1...18 
raOapuTHbie pa3sMepbl ycTpolicTBa, MM 290x340x420 
Macca, He Oostee, KT [2 
pecypc 30H0BO0H CHCTeMbI, KOHTaKTHpOBaHH { 000 000 


CHCTeMa BK3YAaJIbHOTO HaOmOeHHA 3a TIPOWeccoM OpHenTalnl HW KOHTaAKTHPOBaHHdA - MHKpPOCcKOor!,. 


3arpy3kKa MW BbITpy3Ka KPMCTaJVIOB, MepeMecnwlecHHA HX B 30HE KOHTPOJIA HW KOHTAKTHpOBaHhe Mpo- 
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VW3BO]IATCA BPY4HY!O. 
CBU 30njopbie roueBkKu: 


[ipesmeTHbli CTOMHK: 


nonycTuMble moTepv, 1b 0.5 (0.3) [0.1-1 Ty) yMaMmetp, MM 60 
(THITIOBDIe) 1.5.8) [1-10 Pn avama3onH NepeMeneHHh io ocaM X 
(He Gomtee) 2.0 (1.0) [10-18P Ty] u Y, MM 60 
KCBH (runosoi), ei. (He Gonee) 2 (1,5) yIoBoe NepeMelWenne, rpan. 180 
BOJIHOBOE COrMpoTHBIeHHe, OM 50 7 
KOJIMYECTBO, LUT. 2 
CBU TpanchopmaTopsi c afanrepamm nMTanin: KoxtTpo.mpyemoe n3yemme: 
HayanbHpt KCBH B 50-OmMHomM Tpak- pa3Mepbl KpiicTamios B itaHe, MM ~——0..3x0..3 
Te, eg. (He 6osee) 1.4 1.5x1.5 
D1yOuHa TpahcpopMallny, eH TOJILIMHA KpUcTasuI0oB, MM 0.1-0.5 
KCBH (ne Meuee) 5 MaTepHasl KOHTAKTHBIX MIOWaok  30JIOTO 
nmoTepu B TpaHcdhopmatope, Db (He MHH. pa3sMep KOHTAKTHbIX 
bose) | 0.4 MIOUayOK, MKM 10 
BapHallMu NoTeph, Jib (He Gosiee) 0.15 MHH. paccTOsHve MeXxK]Iy LleHTaMu 
KOJIMYECTBO, LUT. 2 30HIIOB, MKM 20 
MHH. TOJLUMHa MeTasJUIN3alvv, MKM 
(He MeHee) 0.25 


Bcero Ha Tire ycTpolictBa 30HQOBOrO Mo xKeT ObITb ycTaHoBsIeHo (kpome yByx CBU ro- 
NIOBOK) 8 3a3eMJIAIOLUMX 3OHTOB HW 30HL0B NUTaHHa. CucTeMa MAaHUITyIATOpOB 30HJIOB Mo3BOuIAeT 
HacTpanBaTb KAKIbIM 30H VHAMBYTyasIbHO Ha BbIOpaHHylo KOHTAKTHYy!O IWIoWaykKy KpucTasia. 
Ilepeq Hpopeyenuem usmMepenni CBU napamerpos c NOMOLIbIo W3MepNTesieH, HalipuMep, Tuna X- 
5 HeoOxoqMMo Mpon3sBoaHMTb KamMOposky. JIA 9ITOrO H3MEPHTeJIbHbI TpakT, BKIOUAaIOWIMH B 
ceOa HW 3OHJIOBYIO YACTh, TeCLHpyerca NO BHYTpeHHel MporpamMMe vM3MePpHTeIA c LlebIO OMpesene- 
HUA CTeMeHH HeEOTHOPOJHOCTH TpakTa HW BBeeEHHA COOTBeTCTByIoMeH Koppekunu. IIpu xann- 
6posxe CBU curHall Mepedaetca Yepe3 ciellMasIbHylO TecTOBylo MiaTy K KOTOpO KOHTAaKTUpytoT- 
CA 30HIbI ycrpolticrBa. TecTopan IuiaTa MoxKeT MOCTAaBIIATBCA NO Cilel{MasibHO OTOBOPeHHbIM ycsIO- 
BHAM WIM W3rOTaBsIMBaTbcdA TOTpeOMTelem caMocTostelbHo. Meronuka npoReneHus v3MepeHHit 
olipeyeliaeTca BbIOpaHHbIM THOM W3MepuTesiaA HW CXeMOM H3MepeHHi. 

PaspadoTaHa MOZM@HKaWMA 30HDOBOTO ycTpolicTBa 313K.004.00.000 mia  Kourpona 
WapaMeTpoB KpHcTaJuIoB Wud@posbix MHC. Qnextpwyeckne xapakTepHcTHKU HW KOMMYTAaLIMOHHbIe 
BO3MO2KHOCTH 3TOH MOAM@UKALWM NO3BOJIAIOT NpOBOANTb KoHTpomb MMIC spicoxoii cnooKHOCTH U 
ObIcrpoyelicTBuaA. 












































Tun 30H-! Pasmep OOpatHpre | Maxc. OrHo-| Make. ump.|TIpoxontHaa | Anpyx- 
OBOH Yo-|KpucTaia | noTepu cHT. compo-| Ilonocsi no MHYKTUBHOC | THBHOCTb 
NOBKU Makc.(MM) | MHH.(7b) THBJI. JIMHHM | ypOBH!O 3b 

Make. 40 

RF smu 3.5 15 S5TTy 0.3 
Koakcnan | po3 
Makc. 80 : 

RF smuyni 7 10 20 TT 0.6 0.3 


Koaxkcual 


KoHcTpyKMa1 30HAOBOM CHCTeMbI NosBosMeT ObICTpylO CMeHY 30HOBOM 4acTU MpM Mepe- 
xoyle OT TeCTHpOBaHHa OHOM MMKpocxeMbl K Apyrou. TecrupoBaHuto MOTyr MoyBepraTbcsa Kak 
OTIeJIbHble KPHCTayUIbl TaK M KpHcTayuIbi Ha macruue. I[pennaraemas o6nacTbh NPHMeHeHHA 30H- 
KOBOYO YcTpoviclBa - U3MepeHHe DMHAMHWYeCKHMX NapaMeTposB KplicTaIoB OpbicTpopelicTByHOWHx 
LMppoBbIX MOHOJIMTHbIX MUKpOcXxeM Ha MMacTHHaX, a TakxKe OTIENbHbIX KpHcTasuIoB, MMerouIMx 
pasMepbIi 0 7 MM H YacTOTHbIi A7Mana30H To 20 TT uy. 

Kpome yka3aHHOTO OCHOBHOTO MPHMeHeHHA BO3MO%xXHO HCMOUb30BaHHeE 30HTOBOro 
ycTpolicTBa [Id H3MepeHHA DMHAMMYeCKHX NapaMeTpoB KpHcTasUIOB aHaJIOTOBbIX M aHasoro- 
LIMPPOBbIX MOHOJIMTHBIX MHKpOcxeM a TakxKe JJId W3MepeHHA JMHAMMYeCKHX, B TOM 4ucie u S- 
MapaMeTPOB, Tpah3HCTOpoOB MMEIIL[MX M0 OMHOW KOHTAKTHOH MMioljayke 3aTBopa HM CTOKa. 


Marepuaant 6-4 Memaynapoanolt Keumckolt *axpowoanozoit Aoupepenunn AeaMaRaG6. 16-19 ceur6pe2 1996 r., Cesacronoan, Kppim, Y«panna 
Proceedings of 6th International Zeamean eHécrowave Garference Gr le'96. 16-19 September 1996, Sevastopol, Crimea, Ukraine 


422 








Haripumep, noypepraych BbIcoKo3piPpekKTHBHOH pazOpaKkoBkKe Cilefyrolive MOHONMTHBIe 
MHTelpasIbHble CXeMbI Ha OcHOBe GaAs No pe3ysIbTaTaM W3MepeHHit craTHueckuXx HW WHHaMM4eckHx 
NapaMeTpos KpHcTasVIOB Ha MiacTuHax: 

Cxopocrupie ALL. Pa3smep xpuctanna 2.6x2.6 mm. [[pumMenammcn 8 cHrHasIbHbIX 30HJIOB 
(c Tpe6oBaHHaAMH BepxHei rpaHHlbl pabouero Duana3oua yactor 2000 MIu), 8 3onn0B 3a3emue- 
HMA H 8 3OHDOB JIA Toma4dH mHTanHa +2 Bu toKkax no 50 MA. 

/lenuTeM YWcTOThI canTHMeTpoBOro jMala3z0Ha BOTH. Pa3mMep kpuctasuia 2.1x2.1 MM. 
IIpumeraich 4 cHrHasIbHbIx 30Ha (c Tpe6oBaHHAMH BepxHeli rpanuibl paGovero WManMa30Ha Yac- 
ToT 2000 MI1),.3 30Haa 3a3eMiIeHuaA 4 2 30HNa WIA NonayH nuranHua +2 Bu toKax no 50 MA. 

Cxopocribie ycTpolicrna npeobpazopatexeli ypoBan curHana. Pasmep Kpuctaya 2.1x2.1 
MM. IIpHmMeHsIMcb 6 CHTHAIBHbIX 30HZ0B (c TpeGoBaHHAMM BepxHeil TpaHuLbl pabouero AMama30- 
Ha yacroT § 2000 MIn), 4 30Hna 3a3emueHns H 4 30HTa DIa Nona mutanua + 2, +5 Bu ToKax 
to 20 MA. 

Yipab.inemMble YCHMATeIM CaHTHMeTpoBoro WHana3zoHa Bos. Pasmep Kpvictazia 1.5x2 MM. 
IipumMensmcb 2 CHTHaJIbHbIX 30Ha (c TpeOCoBaHHaAMU BepxHelt TpaHuubi pa6ouero zMana3zona 12 


PYu), 6 30nf0B 3a3emyenha H 3 30HAa DIT Nowaq NMTaHHsa Mp HarmpsKenusx +5 Bu ToKax Ho 
100 MA. 


4. 3akmodenne. 


B HacTosillee BpeMa HaMOoubllee pacripocTpaHeHue JIA TecTUpOBaHHA KpHcTasI0B TpaH- 
3HCTOpPOB HM MOHONIMTHBIX CXEM MOJTYYMIIN 3OHDOBbIe CHcTeMbI CbupMbi "Cascade Microtech" CLITA. 
Jit cpaBHeHHa HDKe IIpMBeyeHbI oIeKTpMdecKHe MapaMeTpbI MeMOpaHHoro 30HZ0BOrO 
ycrpolicTga Tuna RFC-CORE gupmpi "Cascade Microtech" 41a w3MepeHua NapameTpos Kpucral- 
JOB WAPpOBbIX MOHOJINTHBIX MHKpOcxeM. 


Tun 30Hf0-| Pa3smMep KpH- Maxc. Orno-|Makc. womp.|IpoxonHaa | Mnnyx- 
BOM TONOB- | cranna cuT. compo- | Ilomocpi no WH TYKTHB- THBHOCTB 
KH Makc.(MM) HOcTb (H] H) | 3a3eMJIeH. 


RFIC mem- 
Opana 
mMaxc.36 


Cw 


SHIM 





M3 cpaBHeHia BUHO, 4TO aHaslor ycrynaeT 10 ypoBHIO MaKCMMaIbHO JIOMyCTMMbIX M0- 
Tepb B OHO paywoyacToTHOH JIMHUH. 

Oco6Oo oTMe4aeM, 4TO B OTIIMYHH OT aHaJIOrOB, KOTOpble MpefcTaBsisor coboit HellepeHa- 
jaxKMBaeMble KOHCTPyKUMM, H3FOTOBIIeHHbIe PupMoli "Cascade Microtech" nna KOHKpeTHBIX TOTIO- 
NOTHM KpHcTasvIoB, IipeyyiaraeMble HaMM 30HOBble ycTpolicrBa MoryT GpbIrb coOpaHbl 43 KOM- 
MIeKTa CMJIaMU CaMOTO MoTpeOuTesA, HACTpoeHbI Ha TOMOWOTHIO KpHcTamia WM pH HeoOxogMMoc- 
TH B OOO MOMeHY MepeHasiaxenbl. Bo3MOxKHOCTb OcyIlecTBeHHA COOpKH HW MepeHanayku 30H- 
HOBO CHcTeMbI COOCTBEHHbIMM CHIaMM MoTpeOuTeA NO3BOJIAeT MAKCHM@JIbHO COXpaHHTb TeXHH- 
YeCKYHO, KOMMepyeckyio HW HHylO HHopMalMto O paspabaTbIBaeMoM OO bexKTe H ero IpOu3BONCTBE. 

Bce 30HMOBble ycTpoiicrBa, tpefcTaBMeHHble B HaCcTOMIeM okNape, xapakTepusyer 
MIpOcToTa KOHCTpyKUMu HW TeXHOJIOTHYHOCTh B W3LOTOBIIEHMH, YTO OOycIIOBIMBaeT MPHMepHo B Ba 
pa3a MeHbLUTyYIO CTOMMOCTb M0 CpaBHeHHIO Cc aHaslOraMH a Take 3HAYHTEJIbHO MeHDbIHyIO CTOH- 
MOCTb ObICTpOM3HALIMBaeMbIX CMeHHBIX yacTeli. /[a mpHMepa cTOMMOCTb caMoit emleBoli py4Holi 
3OHTOBOH ycTaHoBKH @upMbI "Cascade Microtech" c MMHHMauIbHO KOMMUIeKTalMei MpeBbiwiaer 
40 Teica4 Tomiapos. 


THE UNIVERSAL MICROWAVE TEST PROBE SYSTEM FOR MEASUREMENT OF MONOLITHIC 
CIRCUITS PARAMETERS AND GaAs TRANSISTORS WITH FREQUENCY BAND UP TO 20 GHz 


lonov V.E., Abolduyev |.M., Zubkov A.M., Dedinets V.E. 
SRi “Pulsar”, 27 Okruzhnoy Pr., Moscow-105187, Russia 
fax (095) 366-55-83 


Universal microwave test probe system was developed, investigated and used for measuring and testing of GaAs devices up to 20 


GHz frequency band. In terms of electric parameters this system is on par with the best foreign analogs and it's very easy for users 
to reconstruct this system with their own efforts. 
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MOZEPHU3SALIVA NMPOMbILUNEHHbIX YCTAHOBOK NNASMOXUAMYYECKOU OBPABOTKM 
PEAKTOPAMM HOBbIX THNOB C YNPABNAEMbIMU MATHYTHbIMU MOnAMU 
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BY THE NOVEL TYPE REACTORS WITH CONTROLLED MAGNETIC FIELDS 

V.P. Katukha, G.S. Kirichenko, V.M. Konoval, V.V. Ustalov, O.A. Fedorovich 


OKCHNEPUMEHTASIbHOE UCCNEHOBAHME NPOHMKHOBEHUA MUKPOBONHOBOTO 

USAYYEHUA B SKPAHUAPOBAHHY!O0 PSA YEPE3 OTKPbITbIE PA3 bEMbI! 

V.H. Ppuunses, A.H. Ko3noe, B.A. TypreHe...........cccccsscsssscescssrescessecsssessessensenesensssasscseeserseceserenananeuonsenecvsssusenens 430 
GENERATION OF ELECTRON BEAMS IN HIGH POWER MICROWAVE SOURCES 

IN EXPLOSIVE COMPRESSION EXPERIMENTS 

I.N. Grishnyayev, A.N. Kozlov, V.A. Turgenev 


BNUAHME SNEKTPOMALHYTHbIX NONEU HA CTOUKOCTb MHTEFPANbHbIX MAKPOCXEM | 
B.B. Crapoctrenko, E.B. Fpvropbes, E.91. Tapanan...iicc ii scsscscsccscsssevssscvessssccssesersessecssncececessnscecencousceensneveaees 433 
THE INFLUENCE OF ELECTROMAGNETIC FIELDS ON RESISTANCE OF INTEGRATED CIRCUITS 

V.V. Starostenko, Ye.V. Grygoriev, Ye.P. Taran 


AVHAMUKA AEFPARALUMOHHbIX NPOLIECCOB B VHTEFPAIbHbIX MAKPOCKEMAX 

E.f. Tapan, B.B. Crapoctenko, E.B. Tpuropbes, A.A. BOPUCoB.........csccccscccsssesccnssesevsssssssenscssscsssserensussesaverszene 437 
THE DYNAMICS OF DEGRADATION EFFECTS IN INTEGRATED CIRCUITS 

Ye.P. Taran, V.V. Starostenko, Ye.V. Grygoriev, A.A. Borisov 


UCCHEAQOBAHME BO3SQEACTBUA SNEKTPOMAIHMTHbIX NH3NYYEHMA 

YAbTPAKOPOTKOU ANUTENbHOCTH HA PSA CBY-AVANA3ZOHA 

H.fl. Famgeuxnu, K.A. Kpasyos, V.U. Marga, 10.M. Npoxoneuko, , 
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STUDIES ON INTERFERENCE OF ELECTROMAGNETIC RADIATION 

OF ULTRASHORT DURATION PULSE ON UHF ELECTRONIC DEVICES 

V.I. Chumakov, N.P. Gadetsky, K.A. Kravtsov, I.1. Magda, Yu.V. Prokopenko, 
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CTPYKTYPA KOMMNEKCA 3AQ2AY4 YNPABNEHWA SNEKTPOHHO-NUTOFPADUYECKUM 
NPOLIECCOM KU COBPEMEHHBIE KOHLENLMM UX PELUEHWMA 

A.A. MepxBnHckin, B.U. OCUHCKHH, ©... KOpKUHCKIIAL......cccssccsesussssssccersansensnesssassrssverecceresenecccensuecessececeecceeses 
SOLVING OF PROBLEMS OF TASKS OF ELECTRON-LITOGRAPHIC PROCESS Aa 

MODERN CONCEPTS 

A. Mergvinsky, V. Osinsky, F. Corjinsky 


The main achievement of “know-how’ of integrated microwave circuits producing is the achievement of submicron (and 
lower) technological forms. Thus the process contro! is impossible without application of mathematical models, which 
account the mechanisms of interaction of technological system components. The graphic scheme of complex of tasks, 
which are solvable at electron beam generation of drawing, methods of their solutions, which are oriented, in particular, on 
powerful universal computing means and specialized computing means have been developed. The algorithms and 
programmes simulating the processes of solving the most labour-consuming tasks of control, criteria of valuation of the 
target product and experiment data connected with exhibiting and manufacturing of submicron structures have been 
presented. 
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V.V. Danilov 
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MOHEPHASALUMA MPOMbBILLJIEHHbIX 
YCTAHOBOK PMAA3MOXUMUYECKON 
OBPABOTKA PEAKTOPAMK HOBbIX TANOB C 
YAPABNAEMbIMU MATHATHbIMM NONAMU 


B.. Katioxa, [.C. Kupuyerko, B.M. Konosan, B.B. Yctanos, O.A. Pefsoposny 
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AxHomauus - PaspaSotay UW BHeEAPeH pAg, HOBbIX MNasMoxMuMHMueCckhx peakTopos (MXP): nnaHapHblId BU-marHeTpoH co 
CKaHMpyeMbIM MarHUTHbIM Nonem ANA WHAMBYAyaNbHoK o6pa6oTKkn mnactwuH Avametpom 150 MM C BbICOKOM cTeNneHbto 
OnHopogHoctu; MIXP Cc kOakKCVaNbHbIM MarHHTHbIM NonemM ANA MvHAMBKAYaNbHON CGpaboTKu nnacTuH @ 150 MM, NerKo 
CTbIKyeMbIA C MMerOUMMYCcA sarpysuukamu; FIXP ¢c 3aMKHYTbIM Apelicbom aneKkTpoHoB ANA rpynnoBsoK o6paGoTKn 9 nnacTHH 
©4100 mm; MXP Cc O6beMHO-BOMHOBbIM BOs6yKIeHKeEM KCNOpogHOW nnasMbl ANA sKONOrMYeCKH YUCTOrO CKOpOCTHOrO 
ymaneHuA dotopesvcta ofHoBpemeHHO c 40 nnactuH @ 100 mm. OcyulecTBneHa cTbIKOBKa paspaGoTaHHbIx MXP c 
MPOMbILUNCHHbIMM = ABTOMATM3VPOBAHHbIMM YCTAHOBKaMY C UeNbIO MOJEPHNsal|MU MOpanbHo ycTapeBuJero oOopysoBaHna, 
VMelOLUeroca Ha NDEANPUATUAX. 


|. BBeneHve 


B nocneghve rogbl B MUKPOSNeKTPOHNKe CYLUECTBEHHO BbIpOc VHTepec K uU3roTOBNeHutO UC, BUC, 
CBUC, CBU-ycTpolicTs, YCTPOMCTB C ABTOSNEKTPOHHGH asmuccneli, B KOTOPOH SNeMeHTb! UMeIOT MMUKDOHHbIe 
MW CYOMMKpOHHbIe = pa3smepb!. MonyyeHve cyOMUKPOHHbIX Pa3MePOB S/IEMEHTOB BO3MOXKHO TONbKO Np 
"CYXOM" TNa3MOXUMVMYeCKOM TDaBleHuUM. 

CepwiHo BbinycKaemMoe go HacTOALero BpeMeHM B CTpaHax CHIT u 6onblwuHcTBO 3sapy6exHoro 
nnasmoxumuyeckoro o60pyfoBaHuA He NO3sBONReT NonyYatb BbILWEeyKasaHHble pasmMepbl sNeMeHTOB. OTO 
CBA3a@HO C TeM, 4YTO B TIXP 6onbune sHeEpruv aneKTpOHOB WM WOHOB > 300 3B. Mostomy npu 
NAaA3MOXUMUYECKOM = TpaBNeEHMMA MpoucxoguT ObicTpoe pa3spyWeHne MACKVPYHOWIMX NOKPbITUM - coTo- u 
enekTpoHope3ucTos. Vnorga ucnonb3yemble B KaYeCTBe 3aUMTHbIX TOHKMe MACKM M3 XpoMa UW HUKeNA TakKe 
ObIcTPO pacnbinAlTcA Mpw sHepruAX UoHOB 300-500 9B. Kpome aetoro, npu 6onbuiMx sHeEpruAx VOHOB 
NpoucxoAAT NepepacnbineHue MaTepnanos, MeXxKCNOMHbIe NpoOou uv pagnalMoHHble noBspexgAeHnA OGpa3zyos. 
CcboOpMuMpoBaTb 3aLlWTHYIO MaCKy C Ma@MbIMM LUMPYHaMM MOXKHO TONbKO B TOM cnyYae, ecnu Bbicota 
PE3UCTUBHOU LUMHbI CpaBHiMa c ee WApYHOK. Mostomy rnaBHOoW 3aqavei npu TpaBneHuu enemeHToOB c 
CYOMMKPOHHbIMU pasMepaMu ABNAeTCA CHWDKEHMe SHEprMN MOHOB (WN HaNpAKeHYA ABTOCMeLUeHVA) B 
Ma3sMOXUMMYeCKUX pealTopax. CHU3VTb Ke SHEPFWtO VOHOB MO)KHO ynipaBnAA guddcdysvei nnaambl. A 
ynpaBneHuve Ancddy3vev BO3MOKHO TONbKO MPM NMOMOLUM 3sNeKTPYYeCKUX MW MarHMTHbIX Nonei. Hanuuve 
M@rHUTHbIX mone NMO3BONAeCT CYLWIECTBEHHO YBeENUUWTb CTeNeHb ANCCOLIMalMM MONMeKyN UYU MOHM3AaUMU 
paSounx ra3oB, a CnegoBaTeNnbHoO, NpousBoAUTeNnbHOCcTS MXP. B atom cnyyae pa3spaybl ycTrowuneo ropaT npu 
Bonee HU3SKMX AABNEHUAX, YTO HAeCT BO3MOXKHOCTh YBENVUUMTh A@HVZOTPONNIO WM CENEKTUBHOCTb TpaBneHua. 
NMostomy 6B ocHoBy [IXP, onMcbIBaeMbIX B MaHHOW cTaTbe, nonoxKeHbt BYU pa3spAnbI B cou“eTaHuN c 
YNPaBNnAeMbIMM MarHUTHbIMM NONAMM. 


ll. OCHOBHAA YacTb 


1. finakapHpiti BU-maenemponnbiti peakmop co CKaHUpYeMbIM Ma2HUMHbIM Nonem 


MnasMmoxuMuyeckii peakTtop NpeAHa3sHayeH ANA ThaBNeHvA ANSNeKTpUKOB, NMoNynpoBoAHuKoB u 
MeTannoB B Cpefie XUMUYNECKK AKTMBHOM nna3sMbl, a TakKe ANA cu3vyeckoro pacnbineHuA MaTepvanoB B 
NNa3sMe VHEPTHbIX ra3oBs. | 

MXP npegctasnvAetT coBboW emKocTHyIO pa3pagHylO cucTemy c ynpaBNaAtouMM sneKTpogom. Mna3sma 
reHEpUpyeTcCA B CKPeLWICHHbIX BUY-snektTpuyeckom (13,56 Mu) uv ynbTpaHu3sKONYaCTOTHOM Ma@rHVTHOM Nnonsax. 
OpdekTMBHOe NOMNoWeHve B 3AMafHYYeHHON rina3smMe BU-MoLUHOCTH OGecneuUNo BbICOKYIO MNOTHOCTb MNMOH- 
Horo TOoKa AO 2 MA/cM.KB Ha OOpabaTbiBaemyto nnactuhy Avametpom 100 mm ripv MOoLUHOCTM reHepaTopa 1 KBT. 

Bnarogapa CpaBHuTenbHo SonbuIoW Temnepatype anekTpoHoB (3-10 3B) B paspage AocTuraetca 
BbICOKaA CTENeHb AUCCO\MaluUu MONekyN paboyero fa3a, a, CNeAOBAaTENbHO, VU CKOPOCTb TpaBneHua: Si - 1 
MKM/MUH, SiOz - 0,5 MKM/mudH, Au -0,1 MKM/Muh, W - 0,7 MKM/MuH. Paspag cTa6unbHo roput npu Gonee Hu3KoM, 
YeM 8B MPOMBbILUNeGHHbIX YCTAHOBKaX, MaBNeHwu padoyero raza: 5*107 - 107 wm PT.cT., TO O6ecneunBaeT 
YNYYLWEHHY!O SKONOPMYHOCTh NPY UcNoOMb30BaHMK CbTop- vu xnopcopepxKawux coeguHeHui. 

Hanuune MarHuTHOrO mona W HM3KOe AaBneHve paGoyero raza B peaKTope pelwuno omHy u3 
BaKHEVLUUX 34a CYLUECTBEHHOFO YMEHbLIGHMA SHEP MOHOB; C NOMOLUbIO ynpaBnAtoUiero sneKTpofa ee 
MOXKHO W3MeHATb OT 20 3B fo 400 3B. Liinpokue Bo3mMo>xHOcTM ynpaBneHuA NapameTpamMu pa3spaga yu 
XUMUYECKUM COCTaBOM paboyero ra3a NO3BONUNN NPOBOANTh BbICOKOCeNeKTUBHOe, AHV3ZOTPONHOe TpaBneHne 
(OTHOLUGHNE BEPTUKANbHOM CKOPOCTH K FOPU3ZOHTaMbHOM MOKET V3MeHATECAR gO 10). NognomwkKka nomeusaetca 
Ha BU-snektpoze. 


Marepuaan 6-1 Mexaynapoanoit Agamcnok Aaexpaxoanosoll Roupepenynn AeaHa Aa G6. 16-19 ceura6pa 1996 v., Ceeactonoan, Kpoim, Ypanta 
Proceedings of 6th International Zranean “Aecrowave Conference Qxvi2o'96. 16-19 September 1996, Sevastopol, Crimea, Ukraine 427 





Vi3MeHeHme M@rHUTHOrO Nona No 3aaHHOH MporpammMe NO3SBONMNO PeE3KO YMEHbLUMTb HEODHOPOAHOCTb 
TpasneHuar, obycnosneHHy!o Apevdosow HeycTovuuBocTbw, fo + 1% Ha AvameTpe 100 mM u + 3% Ha 
AvaMetpe 150 mm. MinaHapHbid MXP npovssoguT nnasmoxumuyeckoe ThaBNeRve MuUKpopenbeda c 
CYOMUKDOHHbIMU PA3MEPaMUA SNEMEHTOB. 


2. FIXP ¢ KoakcuanbHbiIM Ma2HUMHbIM NOSIEM ChiOKHOU KoNqUeypauuUU 


MnasmMoxumMuyeckii peakrop npeAkasHayeH ANA VHQUBMAyanbHOM nmpeLN3suoHHOK obpaboTkKu 
nnactun fvametpom 100 mm, 125 mm, 150 mm. AXP-010 oTHocnTcA K peakTopam c pacnonomeHnem o6pa3y0B 
ANA TpaBheHvA Ha TNeTbeM SNeKTpoge, BHE A@KTUBHOM 30Hbi paspAga - B OOnactu BbITeKaroWien rmna3mb! [2]. 
XVUMUYeCKM AKTMBHaR MNasmMa oOpa3yetcA B paspAnHOM KamMepe c ABYMA KOHMYeCKMMY UMNKYHApVYeCcKuMU 
aneKTpogamu, M@*KAY KOTOPLIMM OOpa3yeTcA mna3sma B CKpeLWeHHbIx BU oneKTpvueckomM uw perynupyemom 
PacxOAALWeMCA MarHUTHOM nonax [2,3]. Hanyck ra3a OcyLUeCTBNANCcA MexAy KOaKCVaNbHbIMK aNneKTpofaMy, a 
OTKaUKa- BOKPyr NNacTMHbI AvameTpom 100 MM, pacnonoxKeHHOK FOPU3OHTaNbHo. Kak moka3anu uccnesoBaHuA 
TaKOW CUCTeMbI, PABHOMEPHOCTb €€ VOHHOFO NoTOKa He mpeBbiluana + 7% Ha AMameTpe 100 mm [2,4]. 

Hina yBenuueHnA PpaBHOMeEPHOCTM VOHHOrO NoOTOKa WU YBeNnuYeHMA efo MNOTHOCTH G6bINW BBeAeHEI 
TpeTuv KoaKkcuanbHbi4 BY snektpog no ocn MXP wu u3ameHeH Hanyck ra3a [4]. Fopexve nnasmbi mexay Tpema 
SNMeKTPOMaMU MW U3MEHeEHHbIA HanyCK fa3a CYLIECTBEHHO YNYYWMNM PaBHOMEPHOCTb NANasMeHHOrO NoToKa. 
Eni NONYYUATb PABHOMEPHOCTb MOHHOTO NoToKa + 5% Ha AVaMeTpe 150 mm. HanpaxKeHve ABTOCMeLLIEHMA 

jel aig MW U3MeHANOch OT 15B go 100 Brnpu mousHoctu reHepatopa 1,5 KBT, AaBleHAx si a - 
MM PpT.CT. “ YacToTe reHepatopa 13,56 My. KoxueHtpauva nnasmb! coctasnana 10'° - 10 
oe VOHHOrO TOKa B pavioHe MogANnoxKKu gocturana 2 MA/cM KB. MlonyueHb! cKopocTu fara 
KDeMHUA fo 1,0 MKM/MVH, TpaBsTCA TaloKe ABYOKVCh KDeMHUA 4H Ap. MaTepvanb!, Vicnonmb3syeMble B 
MUKDOSNEKTPOHHOM MpovsBbogcTBe. TIXP xXopowo CTbIKYeETCA C NPOMBILUNeHHbIMUY 3arpy34nKaMU UW MOMKeT SbITb 
UCNONb30BaH ANIA NONYYCHUA MUKDOHHbIX UW CYOMUKDOHHbIX Pa3sMePOB BNeMEHTOB. 


3. [Ina3smoxumuyeckull peakmop Cc 3amMKHyMbIM Opetiqoom anekmpoHoe 


[MasMoXUMNYeCku PeakTOp C 3AMKHYTbIM Apelicdbom sneKTpoHos [1] npegHasHayeH ANA rpynnoBoro 
MPeCLM3MOHHOTO §=TpaBNeHWA = MeTaNnNnoB, NOsyNPOBOAHYKOB, AVSNeKTPHKOB MW BbICOKOTeEMNEPaTYPHbIX 
CBEPXNPOBOGHUKOB C MYKPOHHbIMM WM CYOMMKPOHHbIMM pa3sMepamy¥. TI1XP MOKeT MPUMeEHHATbCA B 
TEXHONOFMYECKUX NpPOLWECccax USrOTOBNeHMA Gonbluux UV CBEpXGonblLuMX VHTerpanbHbIx CXEM, BNeMeHTOB CBU, 
VHCbpakpacHou TEXHUKY UD. 

XVMUYECKM AKTHBHAA MW HeiTpanbHanr nna3sma oOpasyetca B BY-paspage B CKPeLIGHHbIX MArHVTHOM 
VU SNeKTPUYECKOM NONAX MexXaY ABYMA OxNaxKAaeMbIMM SNeKTPOAAaMN: MHOFOrpaHHOH Npv3Mov UW 3a3eMNMeEHHbIM 
WWnvHApoM. Perynupyemoe marHVvTHoe Mone cosmaetca KaTywkamy. IIXP mMoxeT pa6oTaTb Kak B pexume 
MArKOrO TpaBrieHHA (C MYHUM@NbHbIMY paANValMOHHbIMM NOBPEXAeCHMAMKH), Tak WB pe kumMe pacnbinenun. 
HanpaxeHie  a@BTOCMeLIIEHNA MOKHO MeHATb OT 40 Ao 1000 B c HoOMOLIbiO MarHuTHOro mona Vv 
BcnomMoraTenbHorO reHepaTopa cmelWjeHUA. TeHepaTop CMeLIIEHNA MO3BONAET CHUM@Tb MOBEPXHOCTHbIM 
3apAA, TPaBUTb VU pacnbiInATb AVSNEKTPUKM, YBENUYUMBAaTb CKOPOCTb TpaBneHuA Ap. MaTepnanos. 

SaMKHYTbIA APevc) SNeKTPOHOB AaeT BO3SMOXHOCTh VU36aBNTbCA OT AperchoBLIx HeycToMuuBocTel n 
NOBbICHTb PABHOMEPHOCTb TpaBneHur no Bce/ ocOpabaTbipaemou nnowaan. 

Paspa6oTaHo HECKONbKO KOHCTPYKYU CTbIKOBOYHbIX Y3N0B, NO3BONAWWUX ycTaHaBnuBaTb MXP Ha 
moby BakyyMHyto Oa3y CTapbIX, MOPANbHO ycTapeBLUUX, MNasMOXUMUYeCKUX YCTAHOBOK. Sarpy3ka nnacTuH 
pyuHan. Jina nogbema Npv3smMbI C YCTaHOBNeHHbIMM Ha Hei OOpasliamn UcnoNb3yloTcA cTaHmapTHble rugpo- 
UN SNneKTpONOAbeMHUKVY. OAHOBPeEMeHHO COpabaTbiBaetca FO 9 mnacTuH AMvametpom 100 mm. Bo3moxkHa 
pa3spa6orka MXP anv TpaBneHua mnacTun AvamMeTpOM 150 uv 200 mM. 

OcHOBHbIe NapaMeTpb! TpaBNneHuA: HepaBHOMePHOCTb Tpapneuuar + 5%; oOpabaTeiBaemar nnowaAb 3 
rpann 100x320 mm; pa6ouee pasnenve 10° - 10° mm PT.CT.; HANPAKEHHOCTb MArHNTHOTO NonA 20-200 2: 
AHU30TpONUA -7; CKOPOCTM TpaBneHVA OCHOBHbIX MaTepvanoB MUKposnekTpOHUKU (MKM/MuH): Si-0.05--0.75; 
W-0.05+0.25; Mo-0.05+0.25; Au-0.01+0.03; Ti - qo 1; Pt-0.015+0.14: Al-0.02:0.05; GaAs+0.015-0.1: SiO2- 
0.01+0.2; SiC-0.15: LiTaQ3-0.05+0.7. 

NlonyueHb! cyOmukpoHHble pa3smMepbt anemeHTos CBU-TpaH3vicTopoB, KOeEMHUA 1 MUKpOHHbIe pasmepb! VC, 


4. [IXP c O6bEMHO-BONHOBLIM BO36yKOeHUeM MmNa3Mbl 
Ona akonozuyecKU YUCMOeO epynnoBeo2o CKOpocMHoeo yaaneHuA comope3sucma 


B npov3sBogcTBe cylwectByeT npoOnema skonormueckH YucToro “cyxoro" yAaneHvA Cc BbICOKOL 
MPOU3SBOAUTENbHOCTbIO C)OTO- WU SMeKTPOHOPe3VCTMBHbIX MAaCOK. B HacTonlee BpemMA yAaneHue 
ChOTOPESVCTUBHbIX MNEHOK B OCHOBHOM NPOBOAUTbCA X%KUAKOCTHbIM CnocoGom, TO TpebyeT 3HauuTeNnbHoro 
KONUYeCTBa YUCTOM CepHOW KUCNoTeI, NMepekucn BOAOpOAa, OpraHuyeckUx pacTBOpuTeNnel, AeEVOHU3NpOBaHHoO 
BOAb!I MV 1.4. Npogyktbl XumMuYeCcKOrO B3aMMOMeNCTBUA XKWYAKUX peakTMBOB Cc oTopesucTom spegHo ans” 
o6cnykvBatoluero nepcoHana. Kpome Toro, yTunu3sayua vw obesxKupuBaHve OTXOR0B TpebyeT Gonbuunx 
(UHAHCOBbIX 3aTpar. 

NXP c OBLEMHO-BONHOBbIM BOsbyKAeHUeM KYCNOpOAHOH mna3mb! [5] npegctasnaet co6o BakyyMHyto 
KaMepy U3 KBapueBOK TpyObl 135 MM YW ANYHOK 200 MM, MOMeLUEHHYIO B NpOAONbHOe MarHuTHOe None. 
Tlasnenve pa6ouero raza - 10°-10° mm DT.CT. fina Bo36yxAeHNA pa3spAga Obina pa3pa6oTaHa 
ManovHAYKTMBHaA aHTeHHa, KOTOpar No3sBoONuNa BBOANTb BNNasmMy OonblylO BbICOKOYACTOTHyto (13.56 MI) 
MOLUHOCTb (1 KBT) NPY Hu3aKom BY HanpsAxKeHMM Ha aHTeHHe. [pu stom B aHTeHHe NpoTekaeT Gonbiwo BY ToK 
(~ 10A) KH wvoHu3sayMA paGouero fa3a MpoUcxOAUT 34 CUHeT CUNbHbIX BUXpPeBbIX anekTpNYecKuX none. B 
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peaynbTaTe BuxXpesoro OOpa30BaHvA NNna3mbt TemMnepatypa aneKkTpoHoB Te uo sHeprium voHoB E, HU3KH 
(Te~3 9B, E~20 9B) 8 oTnuuuy oT paspaAyOB C eEMKOCTHbIM BosbyxKGeHVvemM, rae Te~103B, E~3003B. 

HuskaA 9SHeprvMA MOHOB No3BonWna NpoBoguTb obpaboTKy u3genui 6e3 paAvalMoHHbix 
NOBpexXAeHNM, UYTO BeCbMa CYLUECTBEHHO Mpv NpovsBoAcTBe VU3geEnvi MuKpooneKTpoHuKu. Bonegctane 
OObEMHO-BONHOBOrO BOZOyxKHeEHUA pa3spAfa KOHLIEHTPaMA 3apAQOB Mmna3smMbi POcTaTOYUHO BbIcoKaA (n~10"° 
cm”), “TO OOyCNOBMNO BbICOKYIO CTeneHb AMCCOWMAaLMA MONeKyN KUCNOpoga U, CNefoBaTeNnbHO, CKOPOCTb 
TpaBneHnA choTope3uctTa. 

B TexHonoriveckom NpoLjecce NpowsBoquriach OOHOBpemMeHHaAn O6pa6botKka 40 nnacTuH AvameTpom 
100 mm. B- kKayecTBe doTope3svictop vcnonb3soBanuch 1-51, @N-38, B tom uucne 3agyGneHHble u 
Nem“poBaHHble MbILUbAKOM. Mpw BBeoguMoi B nna3smy BY mMowHoctTu ~ 700 Br uv paBnenuu Kucnopoga 5*10° 
MM PT.CT. NOMHOe yRaneHne choTope3ucta npoucxoguT co ckopocTbto 0,3 MKM/MUH. Pipn stom cenekKTMBHOCTE 
CHATUA ChoTOpe3sncta K TpaBNeHnio Al, Si, Si-poli, SiO2, Sis3N4 Obina He MeHee 2000. Temnepatypa nnacTuH 3a 
BPEMA CHATUA Pe3sucTa TONLYHOKW 1,5 MKM He npeBbilwana 120 C. 

Mpw yaaneHwu dotopeavcta 8 nna3sme Kucnopoga o6pasyioTcA HeTOKCUMHbIe neTyUuNe oOKVCNbI 
yrnepona uv Bogopona. 

Peaktop 6bin CMOHTMpoBaH Ha BakyyMHOM 6a3se cepwiiHom yctraHosKu O8MXO-100T-001. 


lV. 3axnioyveHnne 


Paspa6otaHHble MXP c cyWleCcTBeEHHO yNYYWeHHbIMA TeXxHONOrMYeCKUMUY NapaMeTpaMN NO3sBONsAIOT 
MOACPHU3UPOBaTb MOPanbHo yCTapeBLuMe YCTAHOBKM NNASMOXUMUYECKOrO TpaBNeHUA. 

KaxkabiA “3 aTux MIXP umeet cBov OcOoGeHHOCTM MW NpeAHASHAYeH ANA peweHuA onpeseNneHHbIx 
3afay. Ilpu paspa6otKe peakTopoB cyUleCTBEHHO yNyULWeHb! cnepyrouNe OCHOBHbIe TexHoNoruueckne 
napamerTpbt: 

~- NOHWVKEHA SHEPIVA VOHOB pabouero raza; 

- paspaOoTaHb! MeTOAbI perynupoBaHnaA SsHEpruu WOHOB oT 50 3B go 500 9B u cHATMA NOBEpxHOCTHOrO 
3aprga; 

- YMEHbLUCHbI pasMalMoHHble NOBpexAeHNA, MEXKCNOMHbIe NpoGou, nepepacnbineHue mMaTepnanos; 

- YBENUYEHbI CKOPOCTb, AHVZOTPONUA, CENEKTUBHOCTb TpaBNeHUA: 

- YAYYLUEHA BKONOPMYHOCTD’ 

~ BOSMOKHOCTb TPaBNeHUA penbeda c CYOMUKPOHHbIMU pasmMepaMmu. 

Co3qaH sKONOrMY4ecKM YMCTEIA NNasmMoxuMUyecKHi peaKTOp C O6bEMHO-BOMHOBbIM Bo3s0yKoeHNeM 
nna3mMbl ASIA fpyNNoBore CKOPOCTHOLO yAaneHuA ChoOTOPeE3MCcTMBHbIX MacoK 6e3 pagvalMOHHbIx NOBpexpeHVi 
Manou CTeneHbIo NPUBHOCMMON DedekTHocTH. 
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MODERNISATION OF INDUSTRY PLANTS OF PLASMOCHEMICAL TREATMENT BY THE 
NOVEL TYPE REACTORS WITH CONTROLLED MAGNETIC FIELDS 


Katukha V.P., Kirichenko G.S., Konoval V.M., Ustalov V.V., Fedorovich O.A. 
SDTB of Scientific Centre “Institute of Nuclear Research", 47 Nauki Ave., Kiev-28, Ukraine 
tel. (044) 265-24-36, fax (044) 265-44-63 


A number of the following nove! plasmochemical reactors (PChRs) are designed: and applied : planar magnetron with scanned 
magnetic field and PChR with coaxial magnetic fieid used for the separated treatment of plates with 150 mm diameter; PChR with 
closed electron drift for the group treatment of 9 plates with 100 mm diameter, PChR with volume-wave exciting for the 
environmentally friendly high-rate extracting of photoresist in oxygenous plasma (40 plates with 100 mm diameter). PChR is based 
on the forming of chemically active atoms and ions in discharge in high-frequency (13 MHz, 56 MHz) electric and magnetic fields. 
That essentially improved the main parameters of etching: the rate of etching and hence productivity; the possibility of control of ion 
energy from 20 eV up to 1000 eV; the minimum radiation damages are provided with the low energy of particles; the inhomogenity 
of etching is decreased due to the control of drift instability; the possibility of control of anisotropy; the environmental friendship is 
improved; the possibility of sputtering of metals, semiconductors, dielectrics, high temperature superconductors with micron and 
submicron sizes. The designed PChRs are joined with the industrial automatic plants to modernize the obsolete equipment at 
industrial factories. 
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IKCHEPHMEHTAJBHOE HCCIENIOBAHHE NPOHUVKHOBERHEA 
MHKPOBOJHOBOLTO H3JYYEHHA B OKPAHMPOBAHHYIO 
PANMOOTERTPOHH YEO AITTAPATYPY GEPES OTKPDBITbIE 

PAS BEMBI 


Ipuuinses 1.H., Kosmos A.H., Typrenes B.A., Boennas akayemMua uMeHy 
®.9.][3epxuncxoro, Mocxsa, Poccuiickan Denepauna 


| ANHHOTAaAUAS 
OKCIEPUMEHTAIbHO HCCHEAOBAHO NPOHHKHOBeCHHe MHKPOBONHOBOTO M3IIyyeHHs ( 
IWiMHa BOMHbI 3,2 CM ) B 9KPaHHpOBaHHble OObEMbI Yepe3 OTKPBHITHIC MWITEMCeMIbHbIC pa3b- 
emMbl. I[peqcrapyenbl 9kKCNepuMeHTabHad Oa3a, MCTOAUKA MPOBeMeHHA MH pe3ybTAaTbI 
SKCIEPHMCHTOB. 


1. Baenenne 

Co3aHve HW pa3BUTHe MOLJHbIX UMIMYIBCHbIX HCTOUHHKOB 3ICKTPOMATHHUTHOTO 
W3IyYeHHA CBepXBbICOKO yacroTH! ( CBU u3siyyenua) mocraBHsO 3ayauy OWeHKM BIIMS- 
Hua CBY n3nyuenua Ha pasiMuHyto paqHOomKTpoOHHyw annapatypy (POA). Ummynpcer 
CBY w3nyyenna Oonbmol MouHoctu ( nopauka | Ter ) cnoco6Hb! BLIBOAUTb H3 CTpOs 
POA pa3sIM4HbIX OObeKTOB. YpOBHH SHEprHH, FOCTATOUHbIe WIA MOPaxKeHHA IIIEMeHTOB 
_ POA, 4 TyTH npoHuKHoBenua CBU sHepruu B allmapatTypy W3BeCTHBI, OMHaKO Mexa- 
HH3MbI MpOHHKHOBeCHHA MasIO HCCHegqOBaHbI. CBU n3nyyeHue MOXeT MpOHHKAaTb B POA 
yepe3 aHTCHHO-(puazepHble yctpolictpa ( AMY ), wren, UW CTBIKH B kOpmycax, a TakxKe 
yepe3 OTKPbITbI€ pa3sbembl. Bo3pelictBue yuepe3 ADY MoxHO OLCHHTb NO NapamMeTpamM 
aHTeHHbI HW BXOJHOTO TpakTa mpHemuyuKa. M3BecTHbI 9KCIICPHMCHTaJIbHble HCCHeEHOBaAHHA 
MpOHMKHOBeHHA CBU u3snyyeHua yYepe3 OTBEPCTHA, KOTOPbie MOKa3aIM, YTO BeENMUMHA 
mpouuKitei CBY MOM[HOCTH MaKCHMaJIbHa B TOM CHyyae, Korma pa3Mepbl OTBEpCTHit 
KPaTHbI JIHHe BOUHHI u3snyyeHua (S =A, 2A, 3A...) /1,2/. 

Jif SKCIEPHMEHTANIbHOrLO HCCICAOBaHHA MpOHMKHOBeHHA CBU u3s1yyeHua B 9Kpa- 
HMpoOBaHHble OObembL POA yepe3 OTKPbITEIC WITeMCeIbHbIe paxbemb! ( OLLUP ) Saw u3ro- 
TOBICH MakeT kOpnyca POA c OILUP u paspaOoraHa Meroguka 9KcIIepHmMeHTa Ha CBY 
ycraHoske. IIpu mposeneHun 9KCnepMMeHTa pellamuch Wee 3amauM: NepBaa - uccmeqoBa- 
HHe MpOHuKHOBeHHA CBU ona BO BHYTpb MakeTa Kopriyca POA yepe3 OIUP, sropas - 
HCCIeGOBaHHe SIEKTpPOABHKyUIeH cunbl (OC ), HapeqeHHOW Ha LITbIPAX HM COOTBET- | 
CTBYIOUMX TpoBpoyax %#KryTa pa3beMa, a TakxKe MarpaMMbl HalpaBseHHocTH 
(3aBHCHMOCTH BemMuMHDI DIC or yrna nagenua CBU u3nyuenna) wrsipeit. 


li. OcHopHas “acTh 

OKcriepuMeHTalbuad CBU ycraHopka aBnsaetca 6e33x0Boii CBU Kamepoii, rene- 
paTop KOTOpow oOecneunBaeT reHepalluMio W3IyYeHHA C JUIMHOM BONHEI 3,2 CM MOLI- 
HOcTbIo nopagKka 100 Msr. CBU n3nyyenue mocrynaer yepe3 pynmopHyto aHTeHHy Cc 
CoKycupyrolllet MHH30 B Oe3s9xOBylO KaMepy, roe pa3mellanca Maker Kopnyca POA, 
npeacTaBlaouMi coOoK MiopamomMHHHeBLIi Nomi ynnuHOp. JiIuHa unnMAnpa 200 
MM, BHCUIHHH W BHYTpeHHHW ZHametTppi 150 mM uw 142 MM cooTBetrcTBeHHO. K Topuam 
WMIMHApa KPenATCA KPbIWIKH H3 Hep2KaBeIoMeH cTamM TONMIMHON 0,5 MM. Ha nepenueii 
KpbILUKe MakeTa CO CTOpOHbI Bo3gelticrBua CBU v3nyyenna pa3smMemjaca uccnemyembiii 
pasbem. MaxeT ycranapiupanca B Gesoxopylo KaMepy Mp NMOMOMIM MOABeCcHOrO ycT- 
POlCTBa, KOHCTPyKUMA KOTOPOrO NO3BONACT H3MCHATb OPHEHTAUMIO MakeTa OTHOCH- 
TeHbHO Nagaroujero CBY u3myyeHna, TEM CaMbIM VH3MCHATH YIIbI Manenua CBY w3nyye- 
Hua Ha OLUP. Maker pacnonaranca B @oKyce MHH3bI pyNOpHOM aHTeHHbI, re yxKe 
CPOpMMpOBaHa MpakTHUeCKH MWIOCKaH 
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_ JeKTpOMarHuTHad BoHa. Tlokpbirue creHOoK B Oe335xXOBOH KaMepbI yCTpaHaeT OTpaxe- 
Hue CBU v3myyenna or creHoK Kameppr. IlosroMy MOXxKHO CUNTATb, YTO MOReNMpyerca 
Bo3qevicTBue CBY u3nyyenua Ha KOpnyc POA B cBo6ogHOM mpocrpanctse. Jina uccne- 
HOBaHHU B3ATbLI PasIMU4HbIe Pa3sbeMbl, K KOTOPbIM MPHCOEMHHEHI XKTYThI TpeX THIIOB: 
He3KPaHHPOBaHHble, IKPAHHPOBAHHble METAIWIMYeCKOM ONNeTKOW WH IkKPAHHPOBAaHHble 
NeHTOH u3 Ponbrv. B ra6n.1 npuBezenbl napamerpbt naTH pa3sbemos. J[MHa 2KryTa. 
cocTaByiamia 36 cM. 





Ta6nuua | 
Ilapamerpbi HcciezyeMbIxX pa3beMOB 
Homep  Buytpenuuit Uncno mrprpeti Ta6apurni, /[uametp u 
pa3sbema jHametp, d_ Bpa3beme, MM MHA WTbIpeH, 
MM LIT. | | MM 

I. 24 50 40x34x34 0.75 u 18 

2. 24 19 35x34x34 0.75 u 18 

3: 24 10 35x34x34 1.0 u 18 

4. 16 19 25K2 2x22 0.75 u 14 

=F 


12 30 25x18x18 0.4 nv 10 





B kayecrpe Napamerpa, xapakTepv3yrollero MpOHHKHOBeHHe CBY v3myuenua 
yepe3 OLUP, Opi npunat Kospduyuert nponyckanua CBU mownHocru (KIIM) pa3bema. 
3a BenuunHy KIIM pa3bema npuxumaetca oTHOmeHHe MomHOcTH CBU u3nyuenus 
BHYTPH MakeTa K MOWHOCTH CBO n3myyenna nepeg pasbemom. TIlone BpHyrpu makera 
UMCeT CIOKHOE paciipeyesenue, MOITOMy H3MepeHHe CBU MOLIHOCTH BHYTPH MakeTa 
MPpOW3BOQHIOCb B NATH TOUKAX MO OCH BpallleHHA MakeTa, THe HAaXOMMTCA MaKCHMyM 
nona. Taxxe Obwio BbIACHeHO, YTO WHarpamMa HatpaBnenHocTtu KIIM ( 3aBucHmoctb 
sHaycHua KIIM or yria nanenua u3nyyenua Ha OLLIP ) umeer cummMerpuunyro, OTHOCH- 
TCMbHO TPOAONbHOK Ocu OLLUP, wapooSpa3nyo mopmy. Yron nageaua oTCUUTHIBAeTCA 
OT IIpOXOUIbHOH OCH pa3bema, MakcumMyM JHarpaMMbl HallpaBseHHOCTH COOTBETCTBYeT 
HyJI€BOMYy yrly lanwenua (HalpaBnenue BoszelicTBuA NapanmetbHO NpOONbHO! OCH 
OIMP). [pu u3smMenenuu yrna naqeuusa, 3HaueHve WuarpaMMbl HalipaBseHHOCTU YMCHB- | 
WaeTcA NO HyJIA, KOTOPOMYy COOTBeTCTByeT yron mageHus 90 rpanycos. Maxcumympt 
“AMarpaMMbl HallpapyenHoctTH KIIM ana paspemos NI, N2, N3, N4 4 NS c neskpanupo- 
BaHHbIMH 2KTYTaMU MMeCLHOT 3Ha4eHHA 0.65, 0.75, 0.6, 0.5 u.0.22 coorBercrBeHHoO. Jia 3THXx 
KE PasbeMOB, HO CO XKryTaMH, SKPAaHHPOBAHHbIMH OMICTKOW, MAKCHMYyMbI HaGsIOLalwoTca 
fipH yrue manenusa 0... 15 rpagycos u cocrapnatorT 0.22, 0.26, 0.18, 0.12, 0.07 coorser- 
cTBeHHO. I[pounkHosenne CBY u3nyuenna BO BHYTpb MakeTa Yepe3 Pa3beMbI CO *KTryTa- 
_ MH, 3KpaHHpOBaHHEIMH Porbroii, 3apuKCHpOBAaHO He Spin. 

: HiccnexoBaHua WMarpaMM HalipaBsIeHHOCTH LITHIpel pa3beMOB MOKa3asH, TO 
AMarpaMMbl HallpaBICHHOCTH MMeCIOT CJIOXKHYIO MHOYONeMecTKOByHO KOH(UrypaHD, 
MpH4eM rylaBHble MAKCHMYMbI HaXOAATCA CO CTOPOHbI Gomblwero KONMUeCTBA COCeNHUX ( 
OTHOCHTCJIbHO HCCIeMyemMOro ) LITbIpeit M HaxOMATCA NOL yrmom nagenus CBU v3nyue- 
HHA Ha pa3bem 0 ... 20 rpanycos. Jmarpammbl HanpaBeHHOCTH 3THX 2%Ke IUTbIpenH yA 
PaSbeMOB C 9KPaHHPOBAHHEIMH XKTYTAMM HMeIOT MpakTHY4eCKH aHaIOrM4YHyHO KOHOUTY- 
palMbo, HO aMIIMTyZa HaBeqeHHOK OTC noutTu Ha MOPANOK MeHBbLIe. IIpocnexuBaetca 
TeHOCHUMA K CyKCHHIO JIeMeCcTKOB WMarpaMMbl HanpaByeHHOCTH NPM yMeHBINeHHH “uCHa 
IITbIPeH B pa3beme (IPH MpOUNX PaBHbIX yCIOBMAX). 
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lil. 3axsmovenne , 
Takum o6pa30Mm, SKCNepHMCHT NOKa3all, YUTO BEMMYMHA NPOHHKIUIeH MOLI- 

HOCTH, TakoKe kak H WHarpaMMa HalpBNeHHOCTH WITbIpelt wu HaBemeHHaa OTIC, 3aBucaT 
OT MHOTHX (akTOPOB: OT MecTa pa3merneHHa OLLP B kopnyce POA, ot pasmepa pa3be- 
Ma, OT PaCCTOAHHA MOKLY WITbIDPAMH B Pa3sbeMme HW UX YACIA, OT AHHbI WITbIpeli H BbICOTHI 
OopTHka pa3bema, OT MaTepHana WuaTeKTpuyeckoro AepxXaTeNA WTbIpeli, OT KOHCTPyK- 
WH KOpiyca, OT HauMuna 9KpPaHHpylowleH OOOMOUKH xAryTa H Ap. Tem He MeHee, 3 
NOJIYYCHHBIX IKCICPHMECHTAJIbHbIX MAHHbIX MOKHO CieUlaTh CHEAYIOUME BbIBOTBI. 

1. Umeer Mecro npOHHKHOBEeHHE 3HAYNTeEABHO YacTH ( 20 75%) mMoujHocru CBY 
M3IlyueHHA BO BHYTPb MaketTa kopnriyca POA uepe3 OLIP. 

2. [[pHMenenve MeTasuIMYeCKUX KOPITyCOB pa3beMOB HM 3KPaHHpyrOWNx OOoMOUeK 
WIA 0KTYTOB MPHBOAUT K CYLWICECTBEHHOMY CHW KEHUIO 3PPeKTHBHOCTH MPOHMKHOBeHHA 
CBY n3myuenua (Ha 70% guia onmeTkKH u Ha 100 % ona bombrH) , a TAKXKe 3HAYNTENbHO 
YMCHbUIaCT BCIMUHHy HaBezeHHOH OJIC. Ymenburenne DJIC MoxHO OOBACHHT® cre- 
HytoulimM OOpa3om. OJIC umeer yBe cocTaBnsaloune: neppaa - HaBeeHHas Ha LITHIpe 
pasbema, BTopag ( HauOosiee 3HadNTeNIbHas) - HHAYUApPOBaHHad NpoHHKWuM CBY nosem | 
Ha MpOBoyax KTyTa. DQkpanupyroulag O6onouka XKryTa CHMWKAeT BEMMUMHY NPOHHKUIerO 
CBY noma, uTO MpHBORUT K yMeHbINeHHIO BTOPOH COcTaBNAIOUIeli H, CHeMOBATEMbHO, K 
YMCHbUIeHHIO OJIC. 

3. IlpumMeHenne O6ONOUKH XKTyTa u3 Poubra NpeqnOuTHTeNIbHee, 4eM TIPHMeHeHHE 
OMIeTKM, TAK KaK IIPH 3TOM OTCYTCTByeT NIpOHHKHOBeHHe CBU w3nyyeHus BO BHYTPb 
ek avEpOnaMnene oObema. 

4. JmarpaMMbl HalpBsICHHOCTH HITbIpeit UMCIOT CHOKHYIO MHOFOJIeNeCTKOBYIO 
| KOHMUTYpalHio, HHAMBUAYaIbHy!0 WWId KAKTOLO WITLIPS. 
PaspaOoTaHHy!0 METOAHKY Werecoo6pa3HO Wi. MOMb3OBaTb MPH IKCHeEpHMeH- 
TaNIbHOH OWCHKe MpOHHKHOBeHHA CBU u3nyuenus B POA yepe3 OIHP, a nomyyenupie 
pe3yJIbTaTbI - Np pa3paborKe TpeOoBaHnii K HOBbIM OGpa3uam POA. 


IV. Cnncok smtrepatypp! 
1. Keith Floring H. The future battlfield: A blast gigawatts? - IEEE Spectrum, 
March 1988, pp. 50-54. 
2. HexoToppie aciextpr mpoOmembl co3sgqanua CBY cpencts dyHKuHOHabHOTo 
nopaxenua. anos B.B., Capxucpau A.J. - 3apyOexHaa pangnoanextponuka, 1993, N 
10, 11, 12. 


EXPERIMENTAL RESEARCH OF THE PENETRATION OF MICROWAVES INTO SHIELDED 
RADIO-ELECTRONIC EQUIPMENT THROUGH OPEN PIN CONNECTORS 


Grishnyayev I.N., Kozlov A.N., Turgenev V.A. 
Dzerzhinsky Military Academy, Moscow-103074, Russia 


The propagation of the microwaves into the inner circuits of shielded radioelectronic equipment through pin connectors is 
researched. It is stated that the amount of the penetrated microwaves depends on the following: location of the pin connector on the 
case of the device, the number of pins and the distance between them, dielectric pin holder material, construction of the case, etc. 
The experiments have been conducted according to a specially method which may be applied to the testing of the microwave 
radiation influence on various equipments. 
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BIUAHME SNEKTPOMAPHYTHbIX NONEVM 
HA CTOWVKOCTb 
VHTEFPAMbHbIX MAKPOCXEM 


Crapoctenko B.B., Tpuroppes E.B., Tapau E.11. 
333036 2.Cum@eponorib, yi.Anmunexan, 4, Cry 


AxkHomauua ~ NpwBoautca MeToguka WU pe3ynbTaTbt UCCNegOBaHUA CTOMKOCTH MUKpoOcxeM MpW BO3AeNCTBYK Ha HUX 
SNeKTPOMAarHUTHbIX W SNeKTPOCTAaTMYeCKMX Nonev. finA snekKTpOMarHUTHbIX Tone onpeyeneHb! Noporm cTOMKOCTU WM 3HaYeHHA 
HaNpsPKeHHOCTH, Mp KOTOPbIX HaYMHaHOTCA AerTpagalMOHHble ABNEHUA, B 3ABUCMMOCTM OT B3AMMHOU OPViGHTALIAM VHTerpanbHbix 
MMKPOCXeM HV SFIEKTPOMarHUTHbIxX nonel, 


|. BBenenue 


Npw akennyataywn pagnosnekTpOHHOM annapatypbl OfHOM u3 OCHOBHBIX 3agay sABnAetcA 
oOecneyveHve HafexHOCTH BCEX NONYNPOBOAHUKOBbIX YCTPOMCTB, BXOAALWINX B ee cocTaB. Han6onee cunbHoe 
BNMAHKe Ha paOoTocnocoOHOocTb NONYNPOBOAHMKOBLIX SNEMEHTOB, VU, B YACTHOCTU, UHTerparbHbIx MUKDOCXeM, 
OKa3bIBaloT BHELWHMe SMEKTPOMAFHMTHbIe MW SNeKTpocTaTMYecKKe NONnA. 

CyLWeCTBYyIOLUNe UCCNeEAOBaHMA NO BNUAHUIO SNEKTPOMArHUTHbIX None Ha CTOMKOCTb VHTerpasibHb!x 
MUKpOcXeM WU MONYNPOBOAHMKOBbIX NpvOopoB CBOAMNAVCh 8 OCHOBHOM K nona4Ye gononHutTenbHoro 
BUAeouMnyNnbCca Ha WHY NVTaHMA (QnA MuKpocxem) UNK Ha NONyNpOBOAHMKOBbIK AvOA UW TpaH3ucTop [1,2]. B 
HHL “X®TU" npoBefeHb! uccnegoBaHuA no Bo3sgelicTBYIO SNeKTPOMArHUTHbIX None Ha MMKPOCXeMbI B 
OTKPpbITOM MpocTpakcTse [3]. OgHako cucTemMHbieé yvccnefoBaHvA no Nnonesomy Bo3sselicTBUIO 
SNEKTPOMA@rHUTHbIX None Ha MYiKpOCXeMbl UW ONpeAeNeHUWO NOporoB CTOMKOCTN B 3aBUCMMOCTU OT B3aVMHON 
OPUCHTAUMM WVHTErPaNnbHbtX MUKPOCXeM HM SNEKTPOMAFHUTHOrO NonA He NpoBOAUNMCh. 


il. Onpenenenue noporoB cTOKKOCTH MMKpocxeM 


{Ina uccnegoBaHvA BO3sfeVCTBNA SNeEKTPOMArHMTHbIX Nome Ha VUHTerpanbHbie MUKpOCcXemb! G6pin 
U3sroTOBNeH freHepaTOop Ha MarHeTpoHe, paSoTatowMA Ha ANVHeE BONHbI AZ10 cM, C ANUTeNbHOCTbIO 
MpAMoyronbHoro wMnynbca 1...4 MKC, MOLUHOCTbXO B WuMNyMbce 20 KBT, CKBaxKHOCTbIO Q=(0.25...1)-10°. 
Konv4ecTBO UMNYNbCOB MOXKHO GbINo 3afaBaTb OT 1 fo 10° unu 3aaBaTb BpeMA paboTb! reHepatTopa. 

PaspaSoTaHHanr ycTaHoska (puc.1) skniovana B ce6s 6nok nuTaHuA MarHeTpoHa (1), aTTeHioaTop (2), 
V3MEpuTenbHyo cekUulO (3), HanpaBNeHHbl4 oTBeTBUTeNb (4), KanopumMeTpMyecKMA BaTTMeTp (5), UCTOYHVK 
nuTanuA muKpocxem (8). Mapametpb! paguoumnynbca (KpyTH3Ha dpoHTOB, ANWTeNnbHOCTb) v3sMepANuch HA 
KOHTpONVpoBaNvch MO OrMOaioluen C AeTEKTOPHOM cekyun (6) C NOMOLbIO OCcUMNNOrpada (7). AsmepeHua 
NPOMU3SBOAUNUCh ANA HepaOoTarowux W paboTaroLMx MuKpocxem. B nocnengHem cnyYae Ha OAHOM U3 KaHanos 
VHTerpanbHbix MUKpocxeM CoOnupanca reHepaTOp NPAMOYFONbHbIX UMNYNbCOB. 

OObeKTOM UcCNnepoBaHv ABNANMCh MUKpOCXeMbI Cc YWMaMU pasmMepomM OT 1X1 MM gO 2X2MM, 
OunonApHonW uw KMOM] texHonorni (155, 555, 561, 174 cepun). 

Bcero Bosgevctauto nogBepranoch oKono 300 muKpocxem. Mocne so3geiicTBMA aneKTOOMarHUTHbIX 
none Ha MUKpocxeMbI NocnegHue No”Bepraniich NocnoWHomy TpaBneHuto c NocneAYIOLWMM AaHaNv30M NPV 
OTKa30B. 

MpopegexHbie uccnegoBaHvA noka3anu, 4YTo oKoNO 90% MmuKpocxem GunonvpHow u 70% KMOMN 
TEXHONOFMU BbIXOAAT V3 CTpoA MO NpuyvHe Npoxkora mMeTannusaynn. MonyweHHble craTucTuyeckuve AaHHble 
MPakTHYECKM COBNaAaloT C AaHHbIMY, NPWBeAeHHbIMU B [1], KorMa NO WUHE NUTAHVA VHTerpanbHbIx MUKPOCXeM 
noflaBanca AONONHWTeNbHbIM UMNyNnbc HanpAKeHUA. 

OpveHTalWA CYyLECTBEHHO BMUAeT Ha CTOMKOCTb muKpocxem. B opveHTayMax "r” uv “e” (pvc.2) 
MHTerpalibHble MUKDOCXEMb! ABNANTCA HAUMEHEE CTOMKUMM ~ B STUX NONOKEHUAX OHV BbIXOAAT U3 CTPOA Npu 
BO3fAevCTBUM OAHOTO MMNyNbCa C HaNpAYKeHHOCTbIO sNekTpuyeckoro Nona 60+70 KB/M, a gerpagauvoHHble 
ABNEHUA HAYMHalOTCA NPM BO3sAeKCTBYM OAHOrO MMNyNbCa C HAMpPAXKEHHOCTbIO SneKTpuYecKoro nonsA 1...7 
KB/M. Tp 9TOM UMEeT MECTO XOpOLiaA BOCNPOUSBOAUMOCTb pe3ynbTaToB. 

B opvextaynMAx “B" uv "gq" MUKpOCXeMbl BbIXOMAT U3 CTPOA Nocne so3sgevictBauA Ha HUX 40-50 
UMnynbcoB. B STUX OPMeHTalMAX PACCTOAHVA MexKAY BbIBOAAMM BAONb sneKkTpuueckoro NonA HavGonbuee, 
OfHaKO HanpsDKeHKe NPUKNAaAbIBaeTCA K Pa3HbIM KaHalaM VHTerpanbHbix MUKpOcxeM. 

HavSonee CTOMKMMM UHTerpanbHble MUKPOCXeMbI ABNAIOTCA B OPVeHTAaLIMAX "a" nv "6" - OHM OCTAHOTCA 
paOotocnocoGHbimu nocne Bo3gevicTBVA Ha HUX B TeYeHvu 10 MuHyT wv Gonee umnynbcHbimu OMII c 
HanpAKEHHOCTbIO snekTpUuYeckoro nonv E=100 kB/m. 

AlerpagayvorHble ABNeHUA CBOAATCA KaK NpaBuNo K NpoxKoram MeTaNNv3saunu unu MMKpoyyacTKoB 
SNeMEHTOB MUKpocxem. U3 MeTannusayun HavOonee uyBCTBUTeNbHbI K BO3QeVCTBUIO SNeKTPOMarHUTHbIX 
none KOHTaKTHbIe MNOWAAKM, B KOTOPbIX MMeeT MEeCTO Hav6onblwiMi mepenag sneKtpodusnyeckux 
XApakTeEPUCTUK MaTepnasios, 
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Hl. Meroguka uccneDOBaHHR BIIMAHKA SNeKTpocTaTMYeCcKMX nonen 
Ha MHTerpanbHbie MUKPOCXeMbI 


ViccnefoBahii NO BNVAHYIO B2aMMHOK OPVeHTauMu WHTerpanbHbIX MAKPOCXeM WM NOSIA Ha CTOVKOCTb 
MUKPOCXeM Np BOSAEVCTBUM aneKTpocTaTu4eckux Nonen He NpoBoAMNOck. TpyAHOCTb AaHHOrTO ekcnepuMeHTa 
gakniouaeTca B oOecneyeHuU “YVCTOTbI" viccnegoBaHVA - Npv vccnenoBahuvu BNMAHKA sNeKTpOCTaTMYeCKorO 
NoNA HEOOXOAUMO UCKNIOUNTE BOSMOKHbIe MepeXosHble NPOuUeccol. 

Paspa6oTaHHan ycTaHoBKa No aneKTpoctatuyeckomy mpoboto (puc.3) coctouT us paboueh obnactu 
(1), KOTOpan HaxOAMTCA MexKAY NOABMWKHbIMMY sneKTpogamuM (3), VACTOUHYKa BbICOKOrTO HanpsxKeHuA (2) U 
UCTOUHMKa MVTAaHWA MuKpocxem (4). Ina aHanu3a BO3feMcTBMA SNeKTpOCTaTHYeCKOrO NONA Ha MUKPOCXeMbl 
coOpaH reHepaTop MpAMOYroNbHbIX UMMyNbCOB (5), XaPAKTEPUCTUKM KOTCDOTO KOHTPONUpylOTCA C NOMOLLbIO 
ocyunnorpacha (6). 

Metoguka uccnefoBakvA BnMRHYA sneKTpocTaTMYecKoro NOMA Ha VHTerpanbHbie MUKpPOCXeMbI 
CBOAUTCA K CNesyowemy: 

1. Ha NOABYKHbIe SNeEKTPOAb! NosaeTcA BbICOKOe HanpsrKeHue (7+25 KB); 

2.MOCNE OKOHYAHYA NMePeXOAHbIX MpoweccoB B pabouylo oO6MacTh BHOCMTCA uccnepyembIl 
NONYNPOBOLHUKOBBIN SNeMEHT, | | 

3.C MOMOLUbIO NOABYKHbIX asNeKTpOOB yBeNvUNBaeTCA 3HAYeHNe HaNpPAKEHHOCTM BHeLIHero 
snekTpvyeckoro monn. 

Hina WCKNIOUEHUA BNUAHMA BOSHNKAIOWUX NePeXOAHbIX NpPoWeccoB ucnoMb3syeTcA conocTaBneHue Cc 
Pe3yNbTaTaMl Mp BO3MeUCTBUM SNeKTPOMArHUTHbIX MONe - CKOPOCTb BHOCAa MUUKpPOCXeMbI B paGouyto ObnactTb 
YU CKOPOCTh ABYXKEHUA SMeKTpOAa AOMMKHbI OblTb Takumu, YTOObI BOSHVKAalOUMe NepexoAHble Npoweccbl (B 
YACTHOCTU, TOK CMELIIEHUA) Shin Ha 3-4 NOopAgKa MeHblWe YeM Np BO3elVicTBUM SNeKTPOMarHUTHbIX nonel. 

Ha OcCHOBe pa3paOSoTaHHOW MeTOAUKA MonyYeHbI NoporoBble 3HaYeHA HANDADKeEHHOCTH 
snekTpwyeckoro = NMoOnA, MpMBOARUIMX K Aelpagsal|MOHHbIM ABNeEHAAM B MMKpocxemMax, U NpoBefeHa 
CPaBHUTENbHAaA XapakTePMCTUKa NONYYEHHbIX 3HAYEHU C SMEKTPOMArHUTHbIM BNURHVeM. 

MpopegeHHbiA aKcnepumMeHT mo BosgelicTBvio snekTpoctatuyeckoro mona Ha VHTerpanbHble 
MUKpOCXeMbI MOoKa3an, YTO NOPOrM CTOMKOCTH MuUKpocxem onpefenstotcr, KaK UW MpY BosnelvicTBuu 
SNEKTPOMATHMTHBIX None, B3aN“MHOK OpveHTayMer MUKpocxemM u Nona. KonvuecTBeHHble 3HaYeHuA MoporoB 
CTOUKOCTY BbIWe, YeEM NPY BOSReVcTBUM SNeKTPOMArHUTHbIX Nonen. 


IV. 3axnioyeHnne 


Ha OCHOBaHWM MpoBeAeHHbIX UcCNesOBaHN ycTaHOBNeHO, UYTO MoporM cTOMKOCTM MUKpOCXeM 
CYLUCCTBEHHO 3aBUCAT OT B3G@VMHOKM OPKMeHTalM VWHTerpanbHbIX MVKPOCXeM MW 9MeKTPOMArHUTHOTO Nona. 
KOMNOHOBKOM MNaT WU pa3sMeuleHvemM Ha HX MUKPOCXEM MOXKHO NOBbICUTb CTOMKOCTh pagqnosneKTpoHHon 
annapatypb! MO OTHOWEHYIO K BO3AEKMCTBUIO SNeKTPOMarHYTHbIX Nonew Mpv w3BeECTHOM NonsApu3zayuNn 
BO3MOXKHOFO UACTOUHMKa BO3SDEVCTBUR. 

PaspaBboTaHHan MeTOAMKa viccnenoBaHunr BNVAHMA SNEKTPOCTAaTUYeECKUX nonev Ha 
NONYNPOBOAHMKOBbIe NpvOopsl “ VHTerpanbHble MMKPOCXeMbI NO3sBONAeT NpoBecTH “YNCTHIN" skKcNepUMeHT UV 


ONPeAeNUTS NOPOCrM CTOMKOCTU B 3ABUCMMOCTH OT OPVEHTALUMU MUKDOCXEM OTHOCUTENbHO 3SNeKTPOCTaTUYeCcKOrO 
MOSIA. 
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THE INFLUENCE OF ELECTROMAGNETIC FIELDS ON RESISTANCE 
OF INTEGRATED CIRCUITS 


Starostenko V.V., Grygoriev Y.V., Taran Y.P. 
Simferopol State University, 4 Yaltinskaya St., Simferopol-333036, Ukraine 
tel. (0652) 23-03-60 


In order to determine the influence of the electromagnetic fields on the resistance of the semiconductor devices and 
integrated circuits, the description and structure schemes of developed devices of the microwave and electromagnetic 
influence on the semiconductor elements have been adduced. The basic advices for carrying out of the “pure” experiment 
of the electrostatic discharge have been given. The “pure” experiment is the elimination of the transitional! process 
adducing to the appearance of biased currents. The results of investigation of integrated circuits resistance under the 
influence of the electromagnetic fields has been adduced. It was shown that the microchips resistance strongly depends on 
relative orientation of microchips and on the electromagnetic fields. The limiting values of electromagnetic fields intensity, 
when the effects of degradation and discharge begin, has been obtained. 
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MUR AMAKA 
HETPAAALIMOHHbIX NPOLIECCOB 
VHTEPPASIbHbIX MAKPOCXEMAX 


E.1. Tapar, B.B. Crapocrerxo, E.B. [puroppes, A.A. Bopucos 
333036, Cumqepononb, Anmurckas,4, Cry 


AxHomauus - B paGoTe npvsogntTca uvcneHHaA Mosenb PasBUTKA AerpPaAaAWWOHHbIX NPOLIECCOB B MHTerpanbHbix 
MuKpocxemax (AMC), cBa3aHHbIx c npoTekaHveM pagpazHoro ToKa no MeTanmu3aynu. Ha ocHoBe YUCneHHOrO SKCNepuMeHTa 
ONPeASNEHbI NPUYKHbI NOKaNbHOK Aerpagayuu MeTannusauMn KM NONyueHbt YCNOBUA BO3SHUKHOBeHHA “pexuma c OGocTpeHvem”. 


l. BBenennue 


Bo3sqevctaue anekKTpOMarHUTHbIX None Ha VHTerpanbHEle MMKpocXxemMbI (MMC) npnuBoguT kK 
BOSHUKHOBEHUIO HEOOpatviMbIX MerpanauMOHHbIX MpoweccosB, BbI3bIBAOLUMX OTKAs VIMC. CylwwecTByoluue 
SKCNEPUMeHTanbHble AaHHbie [1-3] nokasbiBaroT, YTO HavGonee yA3BUMbIM 3BGHOM B pa3spagHouw uenu UMC 
ABNACTCA MeTannv3salMA UW KOHTAKTHbIe MNMOWAQKY - WMEHHO OHM NogsBepratoTcA HeoOpatvmbim 
Aerpagal|WOHHbIM Npoweccam. 


2. MarematTuyeckan Monenb 


Ana pacueta AerpafauMoHHbix npoyeccos B MeTannusauuin npu BosyeitcTBuu sneKkTpuyeckux nonei 
UMC 6bina npepctasneHa B Buge 4 cnoesB: KpemHueBOn noAnoxKw (1), AvesnekTpuyeckoro cnoA oKcngza 
KDeMHMA (2), aNntOMMHVeBOK MeTannusayun (3) u KneeBoro coeAMHeEHUA (4) (puc.1). MaTematvyeckarn mMogfenb 
TennoBoro pexkuma UMC 6bina npenctasneHa cuctemoi ABYXMepHbIX NMapaSonuyecknx ypaBHeHui 
cnenyrouwero Buga [4]: 
OT, 2 OT .\, oT 
Ci Py ales K AT): = (os K (7): + q (x,y,t) (1) 
i Ot OX OX Oy oy 


Ae Cc - YAeNbHaA TENNOeEMKOCTb I-cnoa, p; - NNOTHOCTb MaTepuana, KT) - KoadcbuuneHT TenNonpoBogwHocTy, 
qi(%y,t) - MOLUHOCTe UCTOYHMKOB TennoTpl, | - HoMep CNOA. 

B kayecTBe TeMNepaTypHOK 3aBucuMocTU KOadduLMeHTOB TENNONPOBOAHOCTU Pa3NUYHbIX cNoeB 
UCNONb3OBaNUCh SKCNEPUMEHTaNnbHble AaHHble [5]. 


YpaBHeuHve (1) npeactasnsaet co6o cuctemy ypaBHeHHii ana 4-x cnoes. Lina peweHna sto cuctembi 
Obina wcnonb30BaHa cnepAyrowanr cucTeMa FpaHUYHbIx yenosun [6]: 
1. NOBEPXHOCTb TOPLIOB ABNANACk TENNOU3ONVpOBaHHON: 


7 AL - 0 (2) 
0 

x L. 

2. Ha BepxHel NoBepxHocTH KNeeBoro cNoA rpaHvunoe yonoBue YHOBNeETBOPANO 3aKoHy HetoToHa: 


O | 
ees +a,(7,-9)= O(%,1) (3) 
oy ae 


FAe os - KOSCPPULMEHT TennooTAaYN Ha BepxHel rpaHM CTpyKTypbI, 6 - Temnepatypa BHeELUHeEM cpefbl, Q(x,t) - 
NNOTHOCTb MNOCKUX UCTOYHMKOB TennoBbigeneHun: 


3. MexKay ChOAMM CTpykTypbI NpeAnonarasica ugeanbHbIii TennoBo KOHTAaKT, KOTOPbI onucbIBaNncA 
rp@aHU4HbIMM YCNOBMAMN YeTBepTOrO posa: 


O O 
Pama _ oe A 
oy yy, cy yy, 


Tiley) = Tileyae) (5) 
4. Ha HWKHeE NOBEPXHOCTH NOANOXKKM rpaHv4uHoe ycnoBve uMeno CnegvAyrouwwy BUA: 
T ,(*.0,0)= T,(%,4) (6) 
rae T.(x,t) - Temnepatypa Kpvictanna. 
Ania pacyeTa MOUHOCTU TennoBbIX ywcTOUHHKOB B UMC npw mpo6oe metTannusauna Spina 


NpeActapneva ceTKOK conmpoTuBneHuh (pvic.2). MOlIHOCTb TeNNnOBbIX VCTOUHVKOB q(i,j) onpegensnacr 
CNeAYIOLIMM BbIpaxKeHveM: 





lot 


x 
x 


(4) 
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rae of(iJ) - SNeKTPONpOBOAHOCTh OAHOpOAHOrO yYacTKa MeTannv3ayuu, hy - AMMHa BaHHoro yuyacTKa 
MeTannusaunu, Ny, Ny - KonMYeCTBO yY¥acTKOB MeTannv3allMu BAOrb oceA X nu Y cootBetTcTBeHHO, U - 
HanpAKeHMe, NDVNOKEHHOE K METASINIUUECKOY DOPOKKE. 


lik. Pesynbratbt YAcneHHoro 3KcnepumMeHTa 


Hanmyuve cnouctouw cTpyKtypbl B MMC npvBogvt K BO3HUKHOBEHMIO HEOAHOPOAHbIX YYaCTKOB Ha 
rpanvue cnoes. MorABneHve HEOJHOPOAHEIX YYaCTKOB KAYECTBEHHO V3MeEHRET XapakTep TeMNepaTypHbIx none 
B UMC np nogaye HanpaxKeHUA - Ha STUX YYACTKAaX NDOUCXOAMT NokaNbHoe BbIZeNeHMe TennoTp! (puc.3). 

Avdamuka TennoBbix npoueccos s AMC npv nogaye HanpAkeHHA NPUBOAUT K NOABNEHMIO “pexKuma C 
o6ocTpeHvem" - peskomy pocTy Temnmepatypbl Ha HEOAHOPOMHbIX yYacTKax MeTannusauuu. MossneHue storo 
pexuMa OOYCNOBNEHO KaK 3@BUCMMOCTbIO OCHOBHbIX aneKTpocbusnyeckux Napametpos (TenmonpoBoAHoctTy, 
QNeKTPONPOBOAHOCTU) OT TeMNepatypb!, Tak uU reomMeTpuyecKuMY pa3smMepamu UMC - tTennoBoH o6meH 
MPOVCXOAUT B OCHOBHOM B MONEPeYHOM CeYeHMM CTPyKTYPbI MW HOCUT AHM3OTPONHbIN xapaKTep. MpoBeqeHHbIl 
UVCNeEHHbI SKCNEPUMeEHT NOKa3san, YTO NoABNeHve “pexumMa c OoOocTpeHvem" uMmMeeT MeCTO Ha HavarbHon 
cTaguv AvkaMuka TennoBoro mpouecca (t=10°'°+10°7 cex), YTO MpVBOAMT K NOKaNbHOMY BbIrTOpaHuto 
MeTannusauun. 

AHanu3 MONYYeCHHbIX TeMnepaTypo-cekyHOHbIX XapakTepucTuK (TCX) noKka3an, uTO yBenu4yeHve 
HanpAxKEHUA MPUBORMT K M3MEHEHUIO Kak KOSIMYECTBEHHbIX 3HAYEHUM TCX, Tak U UX KAYECTBEHHOrO XapakTepa 
(puc.4). Ecnu KonuyuectBeHHble V3MeHEHUA CBA3AHbI C YBENUYEHKHEM MOLLIHOCTU BbIZeNAeMOW SsHepruu npu 
NPOXOKAeCHUM pa3spAgHOTO TOKa, TO KaYeCTBEHHbIA XapakTep V3MEHEHMA AMHAMVKY DerpafalulMoHHbix 
npoyeccop oOycnopneH napametpamu HeOAHOposHOCTKH cTpyKTypbl. Ha AnMHamvKy pacnpocTpaHeHua 
TennoBoro MOTOKA OK@3bIBalOT BNUWAHNe COOTHOWeHYA MexKAY Mpoueccamu BbIQeNeHVA TennoTb! Vv 
PacnpocTpaHeHNeM Ge BAONb CTPYKTypb! - NpW ONpPeMeENeHHbIX S3HAYEHURX NapaMeTpoB HeEOAHOPOAHOCTH 
MeTannv3saynun UW aMnnutyAbl BHELUHErO BO3ageKCTBNA Habnioganocch KaYeCTBEHHOe V3MEGHEHVe KapTHHb! TCX, 
NpusonAiee K BO3SHUKHOBEHYKO NOKANbHbIX yYacTKOB gerpagaumu (puc.4). HavGonee apKo nosBnennue 
NOKANbHbIX YYACTKOB Aerpapaliun NPOABNANOC. fIPW Pe3KOM WU3MeEHEHMM sNeKTpOcdusuyueCcKUuX NapameTpoB 
CTpyKTypb! (KpYBax 9), YTO NPYBOAUNO K NOABNeHUIO "perxKvma c oOG6ocTpeHnem". 


IV. SaknioyveHnne 


MpoBeAeHHbIM YVCNeHHbIN 3KCNEPUMeEHT MO uCCNeAOBaHViIO TOKOBLIX pexumos UMC noKkasan, YTO Ha 
pa3sBuTue AerpamalVoHHbix ABNeEHHM B UMC cnunbHOoe BNVAHKe OKa3bIBaeT HEODHOPODHOCTb MeTannusauun, 
KOTOPaA NPUBOAUT K NORBNEHMIO NOKANbHbIX YUaCTKOB Aerpagauuu. XapakTep pacnpocTpaHeHuaA TennoBoro 
NoTOKa B CNOUCTOU CTpyKType onpemennetTcA He TONbKO sneKTpocbu3svueCcKMMM NapamMeTpamMu cnoeB, HO U 
FEOMETPUYECKUMU pasmMepamn Mogeny. Tlpoueccb! Aerpagalnu HavBonee ApKo BbIPaxKeHbI B MeCTaXx pe3skoro 
nepenana snekTpodusnyeckux NapameTpos UMC, BbisbiBan NoABNeHNe “pexuma c OGocTpeHnem". 
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THE DYNAMICS OF DEGRADATION EFFECTS IN INTEGRATED CIRCUITS 


Taran Y.P., Starostenko V.V., Grygoriev Y.V., Borisov A.A. 
Simferopol State University, 4 Yaltinskaya St, Simferopol-333036, Ukraine 
tel. (0652) 23-03-60 


The numerical model of the development of degradation effects in the integrated circuits dealing with flowing of the discharging 
current on the metallization has been suggested. The integrated circuit was presented as the statified structure. The electrophysical 
parameters of every layer are the functions of temperature. Analysis of degradation effects in the metallization has been carried out 
on the base of the numerical solution of nonlinear heatconduction equation by the nonexplicit Pismen-Recford scheme. The results 
of numerical experiment according to which the fundamental reasons of local character of metallization combustron during the 
discharging of integrated circuits were exposed have been adduced. Dynamics of degradation effects development according to 
the parameters of metallization unhomogenity and different regimes of expluatation has been given. 
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HCCJIEHOBAHHE BO3IEMCTBUA SITEKTPOMATHUTHbIX 
M3JIY“EHHWH YJIBTPAKOPOTKOH JWJIMTEJIBHOCTH UMHYJIbCA 
HA PANHOSJIEKTPOHHYIO ATITIAPATYPY CBY JMATIA3OHA 


j 1 
HI. Paneuxuti | ; K.A.Kpapuos - ; V.VM.Marna' ; 1O.B.poxonenko , B.M.Gymaxkos 
B.E.Hopnxos” , 10.B. Tay” 

' HHL “XaPbKOBCKHH (PH3HKO-TeXHHYeCKHH HHCTHTYT , Xappkos, YKpanna, 


2 é 
MHcTHTYT 9eKTPOMArHHTHBIX HcceqoBanvu, Xapbkos, YkKpanHa 
AnnoTalna 


[lak SKCNepHMeHTAaJbHbIX H TeEOpeTHYeCKHX HCCeAOBaHHH MOCBALWeEH BOMpocam reHepHpoRa- 
HHA, METPOMOFHH WH B8aHMOJeHCTBHA C paHosseKTPOHHON annapatypon (PSA) u ee snemenTHoH Gasoli 
SIEKTPOMAHHTHOTO H3AYYeHHA YJIbTpaKOpOTKON AMHTeAbHOcTH umiyabea (YKJIM), 10°19-107%c. MMpenc- 
TaBIeHa KOHIeNUHA alanTHBHoro TecTHpoBaHHA alnmapatypb! (ATA), opnentupoBannand Ha afleKBaTHOe 
OnHcaHve peakUMH cOmRKHOTO O6bEKTA Ha BHeLIHee 3eKTPOMarHHTHOe BospelicTBHe (9MB). Paccmat- 
pHBaeTCA B3avMOZeNCTBHe NoweH HcTOUHHKOB YKIIM c otHocHTebHO Y3KHM HW CBepXWHpoKOMOOCHbIM 
CIIEKTPOM H3J1YYeHHA CO CJIOKHBIMH pasHOSTeCKTPOHHbIMH CTPyKTyYpaMH, B YaCTHOCTH, Mpolieccbi Hepas- 
pyulaioulero xapaktepa. Ha nmpumepe peakuMH THMOBbIX NpHeMHO-yCHHTeIbHbIX TpakTos CBU guana- 
30H@ MOKa3aHO BbICOKOe PYHKUMOHAIbHOe eCTpyKTHBHOe JelicTBHe cbakTopa Wake Np ypoBHAX MOILII- 


HOCTH H3/1yYeHHA 3HAYHTebHO MeHbIWHX YpOBHeH NOABJCHHA AerpaalMoHHbix sddekToB B MHKpOCT- 
pyKtypax POA. 


I. Bo3snyenctsue nusayyenun YK 


CoppeMeHHad 3leKTpoMarHHTHaA o6ctaHoBka (QMO) xapaxtepHa HanHuHeM Mosel HCTOUHH- 
KOB H3JIYYCHHH ECTeECTBEHHOTO H MCKYCCTBEHHOFO MpOWCxoXKJeHHA, KOTOPbIe€, BO MHOTHX CiyYaAX, oKa- 
SbIBAINT JECTPYKTHBHOe JevcTBHe Ha 
SNeMeHTapHy!o G6asy pawMosMeKTPOHHbIX NpHOopow HW Ha ycOBHA HX cbyHKUMOHHpoBanna. TlocKonpKy 
BeEMYHHAa WOTHOCTH NOTOKAa SHEPrHH H3JIYYeHHA, B Ma/ibHeH 30He HCTOUHHKA, MpOMoplwoHalbHa KBaL- 


% 2 2 

paty nmpovsBponHoh toxa B antenHe: IIIl= E* /2Z, x (dI/dt)°, rne Z,- umnegauc cBo6ogHoro 

MpocTpaHCcTBa, TO O4eBHAHO, TO MIA KOHKpeTHOrO BHaa HcTOUHHKa OMB ero adcdbextus- 
~2 

HOCTh &T “py, rmeT p,r- ANHTeAbHOCTH HMNyJbca HW ero bpouta. 


Ifporpecc B O6lacTAX COBPeMEHHbIX TEXHOJOFH WH 3eKTPOHHKH OOMbUIMX MOlUHOCTel B Moc- 
AenHve Tob! B 3HaYHTe/IbHOH cTeneHH H3MeHHA IMO. OTH usMeHeEHHA CBASAHbI He TOMbKO C pacun- 
PeHHeM HOMEHK/aTypbl TpagqHUMOHHbIX HCTOYHHKOB H3JIyYeHHH H HX NapaMeTpos, HO H Cc NOABAeHHeM 
HCTOYHHKOB H3uyyeHHH HoBoro Tuna [1,2]. K naw6omee onacHbiIm BHAaM 9NEKTPOMAPHHTHbIX H3.1VYeHHH 
MOXKHO OTHECTH H3JIYYCHHA YAbTPaKOPOTKOH AJIMTeENbHOCTH HMNyJlbCa, CO3qaBaeMble HEKOTOPbIMH TH- 
aM HCTOUHHKOB e€CTECTBEHHOrO WH HCKYCCTBEHHOrO MponcxomKAeHHA. TakKHMH HCTOUHHKaMH ABJAIOTCA: 


® MOWHbIe KOMMYTHpyloume ycTponcTBa B WelAxX KOPOTKOHMNYJIBCHbIX MOYJATOPOB, BbICOKO- 
BOJIbTHOH SallnTbl CHJIOBbIX SHEPreTHYECKHX YCTAHOBOK; 


@ CKOpOcTHble MepeKMOyalolune SJIeEMeHTbI, UEMH YCTPOHCTB 3aLlIMTbl OT MOLUHDIX CBU curHa- 
NOB; 

¢ UeNH CKOpOcTHBIX YCTPOHCTB COBpeMeHHOU BbIYHCAMTeAbHOH TeXHHKH H-epenaun nHbopMa- 
WHH c pa6ouHM gHanasoHoM YacToT G6ouee 0,1 -] ITu:z 

¢ MOLUHbIC BbICOKOBOJbTHbIe MOLYATOPbI H SeKTpOH3HyecKHe yCTaHOBKH cMelHasbHOro Ha3- 
HayeHHA, HCMoMb3syrouMe Mpoueccht YKIM (snementol SCKTPOHHKH G6OJIbUIMX MOLUHOCTeH): 

e usiyyateim CLUIT panqvonokalHoHHblx cpeacTB, IpHMeHAeMBIX B pasHo0KalH BbICOKOrO pa- 
3pelleHHA, a TaKKe MIA NOANMOYBEHHOFO 30HZHpoOBaHHA; 

® HeKOTOpbie BH{bl BbICOKOBOJIbTHbIX HECOOCTBEHHbIX H/IH MOBEPXHOCTHbIX TasOBbIX paspANOB H 
MepexofHbIX MpolleccoB, HHHUMHpyeMbIxX BbICOKOSHEpreTHYHbIMH MOTOKAMH YacCTHIL WI w1a3e- 
PHOTO H3JyueHHa; 

e HekoTopbie Bhp HB. 

Ha puc.] ycnopHo MokasaHbl o6nacTH MpesedbHbIX MMOTHOCTeH MOLUHOCTH, PopMHpyeMbIX pas- 
AMUHbIMH BHAaMH HCTOUHHKOB v31yyeHHH. Tam xe NpHBeseHbI O6MaCTH KpHTHYeCKHX NapaMeTpoB fMo- 
ne HCTOYUHHKOB, peraMeNTHpyeMbIX HEKOTOPHIMH CYMeECTBYIOLUMMH cTaHnaprama MOK. Baanmoneticr- 
Be H3syyeHuh YKJIM c oTHocuTedbHO y3KHM cneKTpom (tuna TpagHuUMOHHOTO HMNysbcHOTO MHKDPOBO- 
NHOBOFO H3JyYeHHA) HIM CO CBepxiMpoKonosocHbIM cnekTpom (tuna 29MM) co caoxKHIMH cHCTeMaMH 
NPOABMACTCA KaYeCTBEHHO HHave, YEM TpawHUMOHHOe WVIMHHOMMMYybCHoe HIM CTaloHapHoe H3uyye- 
He. ITO OOycJOBeHO Ma/bIMH BpeMeHaMH BO3JeHCTBHA TO CpaBHeHHIO C XapaKTepHbIM BpeMeHeM Te- 
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MOBOrO HAH HHOrO pewakcaluMOHHOro MeXaHW3Ma4 B MaTepHanax HW SJIeKTPOHHBIX cTpykKTypax POA u ee 
KOMMOHEHTOB, a TakoKe cneuMdwyecKHM HeAHHeHHbIM XapakKTepoM peakUHH cucTembt B Ueto [3]. 

C aApyrow cTOpoHbi, sTOT BHA dakTopa, BBHAY MaJIOH MAHTebHOCTH MMMNybca, xXapakTepeH 
6OMbUIOH WIMpOKONOOCHOCTbIO, UTO OOYCAOBAHBAET BbICOKY!IO MpOHHKaMollyio cMocoOHocTh WH cneLuMpHu- 
yeckylo peakuuto POA Ha curnan YKJIV, pacnpoctpansioumlica B CTpykTypax yeTponeTBa. Takum 06- 
pasoM, HECMOTpA Ha OTHOCHTeMbHO Ooee HH3KHH SHeEpreTHYecKHH NoTeHuMad, cHrHambl YK, B page 
cayyaeB, MOryT oKasaTbca Goee scpdPpeKTHBHIM DecTpyKTHBHbIM tbakTopom QMO, yem TpaHLHOHHbIe 
CBU/3MM curuanp. Xapaktep mpouecca p3akMogelictBuA usnyyeHHa YKJIM co caoxKHbIMH O6beKTA- 
mu P2A u ee anemMeuTaMH BKpaTe MOET ObITh CBeeH K CeRyIOUMM OCHOBHbIM addextam [4,5]: 

© @aHTeHHbIM Me€XaHH3M Bo36yKTaeMbIX BO BHEIIHHX WellaxX H BHYTPeCHHHX CTPyKTYpax TOKOB H 
HarpaKeHHH; 

@ MHOKECTBEHHOCTh PasMePHbIX H OPHeEHTALIMOHHbIX PeC3OHAHCOB; 

© 60/bIIOH CheKTp JeCTPYKTHBHDIX ABeHHH, B TOM UMCwe cTpeccoBoro THMa, ( deKTpHYecKHe © 
MpomxorH H Mpo6ou, yaapHble akycTHYecKHe BOJIHbI, alHaOaTH4uecKHH pexKHM SHEPproBblse/e- 
HHA, MpevMyeCTBeHHO HeTeMMOBOH MeXaHH3m AedekToo6pasopanna H ap.); 

© MHOKeCTBEHHOCTL JoKaH3auMi medekToB cTpyKTyp (maxKe B pesynbTaTe OAHOKpaTHOrO BO3- 
nencTBHa ussyyeHHa YKIM; 

e xXapakTepHoe MpocTpaHcTBeHHoe 30HHpOBaHHe AeceKTOB - MepHctbepHHHOCTh SHEproBbiseNeHHA 
u/ van nedexToo6pasz0BaHng; 


© o6pa30BaHHe HeaweKBaTHbIX CHIHaJOB-OTKMHKOB anmlapaTypbl C AHTeIbHOCTbIO B AeCCATKH - 
COTHH pa3 TIpeBbILUalwuleh WIHTebHOCTb BOSEHCTBHA. 


Ii. Konnenuna axanTeBnoro TeCcTHpOBaHHa annapatypst. 


IlonpnenHe YKIIM cdaktopa npHseso K HeoOxogHMOCTH MepecMoTpa pxAya HOPMATHBHBIX, TeX- 
HOMOrMYeCKHX, KOHCTPYKTHBHO-CXeMOTeXHHYeCKHX H AP. MepoOmpHATHH, HCMOMb3SyeMbIX AA OG6ecreve- 
HHA SJIEKTPOMAarHHTHOH CTOHKOCTH H COBMeCTHMOCTH (2MCuC) PSA uw ee KomnoHenToB. B cBa3H c 
9THM B HacToAlee BpeMA Ooubloe MpakTHYeckoe 3Hav¥eHHe HMeeT pasBHTHe SPpeKTHBHbIX MeETOOB, 
KOMMeKCHOH oleHKH SOMO, a TakxKe MeTOAOB MapaMeTpHyeckoro aHaH3a H KOJMYeECTBEHHOH OLCHKH 
peakUHH 3/eKTPOHHOH altapatypbi Ha Bo3feHcTBHe H3nyyeHHH YKITM. 

IIpenmaraetca HoBaA KoHUenUMA HcnbITaHHH - ATA, cBxA3aHHad c Mpo6meMOoH KOHYeCTBeEHHOH 
oueHKH peakuHn POA Ha OMB u pa3spa6oTKoH ee AHHAMHYeCKOrO MporHo3a B YCJIOBHAX HOPMAaJIbHbIX H 
SKCTPeMaJIbHbIX cCHTyauMH OMO. ATA ocHopplBaeTcA Ha SKCNEPHMeHTAaIbHOM UcCMeMoBaHHH AHHaMHKH 
CJIOMKHOH CHCTeMbI H pasBHTHH ee MOfesIH - OTOOpaxkeHHA. OcHOBHbIe YepTb! KOHWenmwuH NOACHAeT 
puc.2. 

Ee HAA COCTOHT B MOPMHPOBAaHHH B3aHMOCOrlacOBaHHbix Mpouekyp MpoLeccos: 
® HCMbITaHHH oObeKtTa WA MOWyYYeHHA BpeMeHHOrO MpelcTaBeHHA ero peakuHH Ha IMB u ee | 
KOJMYeCTBEHHOLO ONHCaHHA 
© paspa6oTKH AHWHaMHYeCcKOH MOfeJIH - OTOOpaKeHHA CJIOKHOTO ObbeKTa, ee aanTauHy 
(9KcnepHMeHTaJIbHOH MpOBepkH KOHTpOJbHbIX peanHsauMi) HW Nonyuenua G6as0BbIx napamer- 
pOB, OMHCbIBaIOLUNX DHHAMHKY afleKBaTHOH HEKOHCepBaTHBHOH CHCTEMBI. 

HatypuHble HcnbITaHHA almapatypb! OObINHO NOSBOJIAIOT NOMYYHTb TOKO OOLIYIO KapTHHy Mo- 
BeMeCHHA YCTPOHCTBa H eFO KOMMOHEHTOB B YCJIOBHAX, MOZeMpyIouMx daxTop. Ha ctanquax paspaborKH 
HeoOXowHMbl 6osiee TOHKHe MeTOZbI HCCefoBaHHA, CGbeMMHAIOWINe MporHO3 OCHOBHBbIX MpoLlleccoB B 
cucTeMe Cc y4¥eTOM BCeX BOSMOXKHBIX (B TOM UHCMe HW SKCTpeMaJIbHEIX) COCTOAHHH HM MapamMeTpoB Kak 
QMO, Tak HW pexXHMOB padoTsl ycTpovcTBa. B To Ke BpeMA, YHCTO SKCMeEpHMeHTaAbHble HCceOBaHHA 
flocTaTouHO raiy6okoro YyPOBHA CONpAxKeHbl Cc TeXHHYeCKHMH TPYHOCTAMH, O6yCJIOBJICEHHbIMH Kak 
6ONbIUHM YHCIOM YUMTHIBAeMbIX TapaMeTpoB HW CJIOKHOCThIO addekKToB, Tak HW 3aTPYMHEHHAMH B HH- 
TepripeTallHH Ha6mogaemblx pesysibTaToB. [lostomy mpegcTaBaAeTcA Llenecoo6pasHbIM pa3BHTHe ajek- 
BaTHOrO MaTeMaTHYeCKOrO allnapaTa ONHCaHHA MpolleccoB HW HCNOb30BaHHe METONOB MalUHHHOrO Mose- 
JIMpOBaHhA, KOTOpble HE TOJIbKO MOTyT JerKo OTpaOaTbIBaTbCA Ha MpocTbIxX MOZeAX - PparMeHTax POA, 
HO H COCTABJIATb OCHOBY TIPOrHO3a CTOHKOCTHBIX XApaKTePHCTHK CJIOMRKHbIX CHCTEM. 

OcHOBHbIMH Mpoulelypamu MaTematTHyeckoro annapata ATA aBaatotcs: 

® paspa6oTKka MaTeMaTHYeCKHX MoOseneH mpouecca Bo3sgehctBuA YKAM curuana ya y3api u 
anemMeHTb! POA; 

e peweHHe oOpaTHoH s3aadw - BoccTaHOBNeHHe MapamMeTpnyueckHX ocoGeHHocTeH annaparyp- 
HbIX PYHKUMH, CO3aIOUMX THMMYHbIe HeEAMHEHHbIe OTKIHKH COMKHbIX QIEKTPOHHbIX CHCTeEM 
B ycnopHax YKJIM Bo3sgencTBna; 

® paspa6oTKa TeopeTHYecKOro anmapata JWI aHaJiH3a HeHHeEHHOH DHHAaMHKH CJIOKHbIX CHCTEM; 

@ paspa6oTKa MeTOJOB KONM4eCTBEHHOH OWCHKH CHTHAJOB-OTKJIHKOB C/IOMKHbIX LleMeH 9eKTPOH- 
HbIX TIpHOOpos. 

B 60J/1bIIOM UNCAe CIyYaeB HaHOoulee XapakTePpHbIM MpOABJIEHHeEM AeCHCTBHA 3Ae€KTPOMarHHTHO- 
ro daxtopa YKAV B caoxKHbIX 3CKTPOHHDIX MpHOopax ABAAeTCA COpMHpoBaHNe HeMHHeEHHOrO ZHHAaMH- 
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YeCKOrO OTKAHKA (KOTOpDIT, MpH oMpexeACHHbIX yCOBHAX, MOKET MePeXOMMTb B COCTOAHHE xaoca), 
HCKMOUaOWerO HOPMasbHOe CPYHKUMOHHpOBaHHe ycTponcTBa. Kpome 9sToro, BO3MOXKeH BeCbMa LIHpo- 
KHH cHeKTp scdeKTOB, KOTOPble MOFyT He TOJbKO OKa3bIBaTb CYWECTBEHHOe BIMAHWe Ha (yHKUHOHH- 
poBaHve, HO HW ONpeeATh XapaKTePHCTHKH SEKTPOHHOH cHcTeMbI. OracHocTb XaOTHYeECKHX COCTOA- 
HMM O6beKTOB, BOSOYXMCHHDIX BHELWHHM CHTHAJIOM, MpomBJAeTCA B TOM, 4UTO HX AHHAMHKA B JabHell- 
eM OFpewesAetTcA MpoleccaMH B CaMOM YCTPOHcTBe, pacceHBalOLHMH SHEprHto cO6cTBeHHOrO HCTOU- 
HHKa B TEYEHHE XapakTepHOro BpeMeHH pewakcalHH, BO MHOFO pa3 MpeBbilialoWfero AWHTebHOCTb Hc- 
xonnoro chrHana YKJIM. Pesyabrupyioumh sccdbext MoxkeT ObITb CpaBHHM ¢ DecTpyKTHBHbIM OMB. 


Til. Sxkcnepumentaapupie pesyaLTatol 


OKcnepHMeHTadbHbie HecAenoBanHA IMCuC MpOBOAHHCh Ha HCHbITATebHbIX CTeHAaX Harno- 
HaJIbHOro HayYHoro UWeHTpa "XapbKOBCKHH CH3HKO-TexHHMYecKkHH uHeTUTYT" [6]. UcnertaresbHoe o6opy- 
yopanve Llentpa BkmouaeT pasiMuHble HcTouHHKH CBU/SMM usayyenna YKJIM, pa6oune soni 06- 
NYYCHHA, SKPaHHPOBaHHble MOMeLICHHA, CKOPOCTHY!0 WIHpOKOMOOCHYy!O H3MepHTeAbHy!O afmapartypy. 
OHO MOsBOMMeT HccHeMOBaTbh B3AMMOAENCTBHE Moe 9/eKTpOMArHHTHOTO ySKOMONOcHOrO H CBepXLIIH- 
POKONOJOCHOrO H3AyYeHHA ¢c WIMpOoKOH HOMeHKJaTypoH POA u ee snemeHTHOH 6aso0li. Han6onee Bax- 


Hble aHHbI€ OO HCMbITATebHbIX CTeHTAX H MpHMeHAeMOH MeTPONOrHH NpuBeseHb! B Ta6l.1 Hu Ta6n.2 
[6,7]. 


Ta6a. 1. 


McrouwHHk 


Monxire CBY 
renepatTophi fa 
ocHoge PYII 


Cxkopocrunie 
renepartopnt 
Mapkca 
TEM- 
HOAOCKOBbIE 
JH 
TEM- 
KOaAKCHaIbHble 
AHHH 


OcHOBHbIe HcnbiTaTenbHble ycTaHoBKH HHI “X®TYW” uw ux napamerpni. 
CLHTI tp, He PeoxxuM Jivana3ou, Pa6bouaan 
lapametp (t,, He) fo, Pu | Emax: KB/s 
20-800 
OywiHouH. (2-3) Y¥ 108 3-20 
(5-50) | onno fea 
100-120 | Tlepxoguy., (0.2-1) U }(0.5-1) 4 103] 0.5-10 
. (7-12) J57u 106 
0.5 TlepHonuy., (1-3) 4104] 0.75-1 3-5 
(0.2) J2 «lu 
0.8-0.82 OgMHOUH. J54 109 107-109 24 103 [ek 
103 Hepuomu., | (9.19) y 109 (2-5)4 103 |» 3-5 
J 10 «Tu 
TEM 
2/30 Hepnogus. 10 4 3 
I 71 JI1.594 10 104/10 2.5-5/0.3 3-5 
ee (0.05/02) |_J 10 fu [ous é : 


B aKchepHMeHTabHOM HcCeMOBaHHH HeNHHelHON AWHAMHKH CO%KHDIX SJIEKTPOHHBbIX CHCTeM 
oco6oe BHHMaHHe yJlemeHo BsakMosericTBHIO usnyyeHHi YKIM (CBU/9MM) c snementamn pagno- 
SNEKTPOHHbIX MpHOOPOB, CO3MaHHbIX Ha OCHOBE Pa3JIHYHbIX TEXHOJOFHH HW 9eMeHTHOH 6a3bl, B YacTHO- 
CTH - Hepaspyllaiollero xapakTepa. B KayecTBe THNHYHbIX YCTPOHCTB, HMEIOLWHX HaHOONbLIy!O YAsBH- 
MOCTb IIpH BO3JCHCTBHH BHELIHHX Mosel 6oubLIOH HHTCHCHBHOCTH, HCHOMb3OBaIHCh HECKOMbKO pa3Ho- 
BHAHOCTeH NPHeMHO-yCHJHTeAbHbIX TpakToB (ITYT) CBU aznana3ona. Onn nMenu cTaHlapTHy!0 KoHdu- 
rypauHio: 3aluHTHOe YCTPOHCTBO, (PuJIbTp, BXOMHOH ycumHTenb, CBY eTeKTOp H (ana cynepreTepoaun- 
Horo MpHema) Wenb YacToTHOro npecbpa3soBanua cHrHana (cmecuTenb, retepoguu, YITU). 
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Ta6n. 2. OOume AanHble NpHMeHAeMOH MeTposorHH B YK skcnepuméntax. 


ITapametnp Juana3ou 4wactoT Jivana3ou mapameTpos TlorpemHocth 


Po >0.0] > 0.01 J>« 10 - 13% 
Tu 

0-5 - >01 B/em?, > O01 ue < 10% 
Tu 



















Kasopumerp 








Ocunisorpaduposanne 


0 - 20 ITu > 1 wxBr/em?, > 1 He 20 - 30% 
2 - 20 TTu 2-20 1Tn 10 - 15% 


2-201Tu 2-20TTi, 0.03 Tru 5 - 10% 
CBU upobton ra3a fo; 9212 Tu 2-12TTu; 0.05 - 30 xB/cm 20 - 40% 


= } 
Axycrwyecnua metex- | 2-107TTu 0.3 - 30 KB/ cm 5 - 10% 


Hav6onee BaxkKHbIM pesyJbTaTOM HcMbITaHHH OQMCuC pasmvaneix ITYT wu ux KOMMOHeEHTOB K 
curHajam YKJIVM sapunacb o6ulan AA BCeX O6beKTOB BbICOKaA CTereHb peakunH. Haumenee nogBep- 
X2KCHHbIMH JeECTPYKTHBHOMY BoO3sReHcTBulo B38ayyeHHA YKIIV 6pinn, Kak HW ceOBaO OKUAATh, Naccus- 
Hbie sfemeHTp!l (CBU (PH/bTPbl, BOJHOBeLYLIMe TPaKTbl, COEMHHHTEJbHbIE pasbemp!). YpoBeHb HX Ccoc- 
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TOAHHA pa6oTocnocooHocTH Obl HaHOouee BbICOKHM. EMy CcooTBeTCTBOBaNa NOporoBad MIOTHOCTh 3He- 
prHH H3JIyueHHA, HampuHMep, Ha yacTote 3 ITu 0,1-i mJioK /em 2. KpHTHyeckHe YpOBHH erpayauHHy ak- 
THBHbIX aleMeHTOB CBU yctTporicts Obi 3HauHTebHO HH xKe - oKoO | HJDK / com 2. Hau6onputeti UYB- 
CTBHTEJIbHOCTbIO K BOSZeEHCTBHIO O6AaganH CBU pnonbl Mu TpaHsucToph, Ta61.3 [6]. 


Ta61. 3. OcHoBHble adcekTb! B HH3KOYACTOTHOH H CBY sjemeHTHOH Gaze pH BO3eHCTBHH 
YKJIM chaxtopa. 





Mopor T10 
Knace mpH6opa Tun mpudopa E-rovi0o, Xapaktep adhenta 
oan KB / co 
KomnonenTnt Aluoypr 0.1-3 © Hpo6ort p-n Mepexoga, 
CBY PSA TpaHsuctoppl 1-5 e lehext nosepxHoctu TTI kpuctanaa B KOHTaKTHOH 30He 
© DnexTpuyeckHh npobow, yacTHuHoe pacnlaBNeHHe MeTa/IN3alHH 
_ e PacnmaBeHHe MeTaiM3auHu 
@MyuKunonanbn | Ycumutes 4 Hapymenne pa6oth, HcKakKeHHe HMMyibca 
ais CB Penepatoppl 2.5-4.1 Tipo6ort BxomHoH ceKIMH ycHaMTeaAA 


Tloppexgenne TIM] Komnoventos 
Yupagrasempre 
CB snementht 





@Peppurosple ycTp- 
Ba: 

® bazoBpaiatesu 
e jlepeKmoyaTeJH 
® 92 1eEMeHTbI HCTO- 
YHHKOB TIMTaHHA 











10 YCTOHYHBOe OTKMOHCHME KOHTPOJIMPYeMEIX MapaMeTPoB 
10 


2.5-6 


Tpo6or Kpuctasnma HC 








Komuyonenrs 


OekTpHyeckHH mpobor 
HY wu BY PIA 


ToueyHbih mpo6oH p-n mepexoga ¢ YaCTHYHBIM NOBpex*KAeHHeM Tie- 
pexona 
T]po6or p-n mepexoya ¢ NOJHBIM MoBpexMeHHem Tepexosla 

e PacrisaBseHHe H BbIropaHHe MeTaJWIH3alHh 


© OneKTpuyeckui npoboh, o6pasoBaHHe 3apAMOBbIX CiIOeB Cc Nocwe- 
AyIOUleH peslaKcalHeli 

e UactiyHoe pa3pylienHe o6pa3ila B KOHTaKTHOM o6viacTH, o6pa30Ba- 
HHe CTaAGWMbHbIX 3ApAMOBLIX CuIOeB 


ad PacnulaBsjieHHe H BbITOpaHHe Me raJiMH3 aun 


e Bunouwsapupie 


ananoropnie NMC ¢ QnexTpHyeckHH Mpo6on. UacrwuHoe pacnapyicHne H BbITOpaHHe 


MeTaJIH3auHH 
e TJoueyHbIh Npo6oH AHVIeKTpHKa Me@XKCJIOHHOH U3OJINIIHH. 


e {Ipo6ou u paspylieHHe MexKCJIOMHOH H30unuHMH. Ncnapenue mieHo- 
YHOrO pesHcTopa 


7ivnamuka TTYT pg yenopnax BosyelcTBHH MOLIHbIX cHrHatoB CBU/3MMV YKJIV caa3sana ¢ on- 
HOBPeMEHHbIM NPOABJICHHEM HeECKOJbKHX HeJIMHEHHbIX 9eKTOB, NPHBOMALIMX K HCKaKeHHIO CHIHAJIOB. 
OcHOBHbIMH H3 HUX aBAIOTCA [8,9]: 
° HewIHHeHHbie HCKaKeHHA ycHMBaemoro cnrHaja JIBB B pexume npeBbiltueHHa mo Pex; 
® cKaxkeHHA HCxosHOrO cneKtpa curHasop YKJIM B snementax naccHBHOH HW aKTHBHOH duabT- 
pau (BowHOBegzyUeM TpakTe, aHTeHHaX, sallyMTHOe ycTpolicTBo (3Y) c pesonaTopamn, mo- 
NOCOBLIX (PUJIbTpax, 9/eMeHTAaX COrlacoBaHHA Tpakta H gp.); 
® HCKaKeHHA Mp orpaHHy¥eHHH MOLUHOCTH B Moporopom 3Y; 
e wvckaxenHa CIUI] curnanos, cBA3aHHbIX C HepaBHOMepHOH no AManasony AUX anementos 
TLYT: os 
e HcKakeHHe CHrHala B YCOBHAX HeHeabHOoro cormacoBaHHA 3eMeHTOB ITYT, npHBoxAWx kK 
NOABJICHHIO OTPaKeHHH H, COOTBETCTBEHHO, H3MEHEHHIO CTpyKTypbi cHrHasoB YKJIM; 
e HeaMHeHHble HcKaxKeHHA CLIT curnana, o6ycnoBneHHbie B3aMMOAeHCTBHeEM B aKTHBHOM 9VIe- 
MeHTe [[YT pa3qHuHbIX CeKTpaJbHbIX Fpyon cHrHala. 
CpaBHHTeJbHble HCCNEAOBaHHA alinmapaTypHbix oTKMHKOB ITYT na BosgevicTBHe y3kKorosocHoro 
H CBePpXWWHpOKOMONOCHOrO CHrHaJIOB MOKasaIH, UTO HX XapakTep 6bii MpHMepHo omHHaKosB. [lockombKy 
snemMeHTb! ILYT o6nazatoT MoOCOBbIMH CBOHCTBaMM, HX peaKUHA XapakTepH30BalaCb 3HAYHTEJIbHbIM 
YBeJHYCHHEM JWIMTebHOCTH CHIHaJa-OTKINKa HW MpenctaBasa THNMYHy}) NepexogHylo XapakTepHcTHKy 
COOTBeTCTBYlUero ycTponcTBa. B To Ke BpeMA, Take CJIOXKHbIe AKTHBHbIe JEMEHTbI, KaK MHorokKac- 
KalHble TBepfoTetbHbIe MUIY uau ycuantemnm va JIBB, nmMeaH cHrHasbl-OTKIHKM, HanoMuHalouMe Mo 
BPC€MCHHbIM H CNEKTPadbHbIM MpescTaBeHHAM CTOXacTHYeCKHH Mpouecc. 
PasaMuve B KOJIMYCCTBEHHbIX XapaKTePHCTHKAX OTKMHKA CIOMKHOW CHCTeEMbl 3aMeTHO MpOABMA- 
OCb B SKCMepHMeHTaxX C KOMOHHHpoBaHHbIM BB®, pKaroyatoubim y3Ko- 4 CILIUT curnanpi. Hecmotpa 
Ha TO, UTO WIA OOOHX STUX CakTOPOB HeJIMHeHHbIe peKUMbI YCHJNTeA MPHBOAWIH K KadecTBeHHO OfH- 
HaKOBOMY peSyJIbTaTY- YBeEHYeCHHIO WJIMTebHOCTH OTKJMKOB, TOUHbIe 3HAYEHHA JWIHTeCJIbHOCTeH HX OT- 
KIHKOB pasJiMYamncb B 3 - 4 pasa. 
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LV. SakmrueHnne 


YuHTbIBAA Mable YPOBHH cOoeB H cpaBHHBaA 9HepreTHyeckHe XapakTepucTHKH YKJIH daxtopa 
HM OTMECYCHHDIX BbILUe MOPOroB pewlaKCaLllWOHHbIX MpoleccoB, MOXKHO ChleNaTh 3akMOUeHHe OO OYeHb BbI- 
COKOM CTeneHH NoMexooOpa3yloluero AeHCTBHA H MoTeHWHadbHOK onacnoctH YKJIM curnasos AA wH- 
pokKOH HOMeHK/aTypbl coBpeMeHHOH PDA, ocoGeHHO AJA YYBCTBHTe/bHbIX WeleH cpescCTB cCBA3H, CHc- 
TeM NpHema H O6paOoTKH pagMocnrHaos. MeponpuaTua Mo 3alinte 3NeKTpOHHbIX ycTponcTs oT YKM 
BOS/eMCTBHH, a Tak>Ke MO YMeHbILeHHIO MOMexooOpasylOWHX BOSLeEHCTBHH HX NOTEHLMaJIbHbIX HCTOUHH- 
KOB JOJDKHb! BKJIOUaTb KOMIMIeKCHble MEHCTBHA HOPMATHBHOrO, TeXHOJOrHyecKOro WH CXEMOTEXHHYeCKO- 
ro XapakTepa. 
[lonyuenuble pesysbTaTbl MOryT ObITb HeMocpexCTBeHHO MpHMeHeHBI: 
¢ JIA OnpeleneHHA CTeNeHH 3eKTPOMAarHHTHOH CTOHKOCTH H HaeKHOCTH CHCTEM TO pesyJb- 
TaTaM HaTYPHbIX HCibITaHHH HW KOJMYECTBEHHOH OLIEKKH peaKUMH o6beKTa; 
® WIA OUCHKH afeKBaTHOCTH (PYHKUHOHHpoBaHHA OObeKTA B YCAOBHAX cNOKHOH IMO, BKMH- 
yaroulen usnyyenna YK; 
°® AIA paspaOoTKH MOJe/IbHbIX YHCJICHHbIX METOZOB HCMbITaHHH, HCMO/b3yeMbIX AIA ONTHMH3a- 
WHH apxHtextyppi POA. 
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STUDIES ON INTERFERENCE OF ELECTROMAGNETIC RADIATION 
OF ULTRASHORT DURATION PULSE ON UHF ELECTRONIC DEVICES 


Chumakov V.I., Gadetsky N.P., Kravtsov K.A., Magda I.I., Prokopenko Yu.V., Skachek G.V. 
NSC “Kharkov Instifute of Physics and Technology” 
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fax 0572 352624 
Novikov V.E., Tkach Yu.V. 
Institute of Electromagnetic Researches, P.O.Box 10857, Kharkov-310022, Ukraine 
fax 0572 435952 


Experimental and theoretical studies deal with problems of the electromagnetic radiation of ultrashort duration pulse generation, 
metrology and interaction with radio-electronic equipment: A new adaptive concept for testing and for an adequate description of 
complex object dynamic responce on external electromagnetic influence is proposed. The interactions of fields USDP sources with 
the arbitrarily narrow and ultrawideband spectrum of radiation with the complex electric structures, in particular, the processes of 
nondestructive character have been observed. On the example of responce of typical microwave receive/amplifier sections, high 
capability to upset system operation is shown, even in conditions when its levels are considerably less than the level of degradation 
effects, formed in the microstructures of an object. 
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Puc.1. Kpatuueckne NoTOKH MOLUHOCTH coppemeHHoH OMO: | - 6 - TpaguuMonHble ucTouHHKH, 7 - 10 
- YKJIM uctounnxn. | - Momnna, 2 - AM/UM pagnocsasb, 3 - KOMMYyTaTOpb! TpanHUHOHHOH 9sieKTpo- 
HHKH, 4 - BbICOKOBOJIbTHbIE MOLYMATOPbI H CepHHHble paslappl, 0,6 - kopoTKoe 3aMbikaHHe B KOHTaKTHOH 
We WH BbICOKOBOJIbTHOM O6opysoBaHHH, 7 - MOAYAATOPbI CHeWMabHOTO SKCNepHMeHTaMbHoro O6opyAo- 
Banna, 8 - KOMMOHEHTHI COBPeMeHHOH BbINHCAMTebHOH TexHHKH, 9 - CIUTT YKAM panappt, 10 - Mout 
Hblé MHKPOBOJIHOBbIe reHepaTopbl. 
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CTP YKTYPA KOMPAREKCA SARA YRPARBREXHMA 
SHREKTPORHO-RMTOFrPASHYECKHR HNPOGLECTOM UW COBPEMEHHSIE 
KOHEIEMIEMH UX PEWRIEHMSE. 


Mep>xxsuHcknii A.A., Mactruryr kuGepHeTuku uM. B.M.TnyniKkora, r. Kes 
OcuncKxun B.W. ., Wactutryr kuOepHeTuKu uM. B.M.Tryurkopa, r. Kuen 
Kopxuuckuh ©.V., AO HII! “Catypn” , r. Kues 


AHHOTAaALMA 


Pa3paboTaHbl rpad-cxeMa KOMMIeKca 3a0a4,  pellaeMbIxX Tip SIeKTPOHHO-JIyIeBOH 
reHepavHu pUcyHKa, MeTOUbI MX peuleHHA, OPMECHTHPOBAHHBICc, B YAaCTHOCTH, Ha IIPHMeCHeCHMe MOL,HDbIX 
YHMBepCasIbHBIX BbI-UMCIIMTCJIbHbIX CPeCTB  U, Kak aubTepHaTHBa, - CnellMaiM3upoBaHHbix 
BLISHCHMTeNILHBIX cpeazcrs. Ipupomsrca alropuTMbl, MOReIMpyloulMe Mpowuecc pelleHHaA HanGosee 
TPYHOCMKMX 3aat yipaBieHHa, KpWTepwu OWeCHKM BbEIXOAHOTO IIpOsyKTa MW 3SKCIICPHMeHTaJIbHple 
J@HHbIle, CBASAHHBIE C S9KCIIOHHPOBAHHeM M M3rOTOBJIEHHEM CYOMMKPOHHDIX CTPYKTYp. 


1. Bsenennue 


BaxkHeHIWMM MOCTWKCHMeEM TeEXHOJOTMM MpOv3BOJICTBa MHTerpanbHbIX MMUKDOCXeM 
CBY ycrpovicTsB sABIAeTCA JOCTYKeHMe CYOMMKPOHHBIX (HM HYKe) TEXHOMOTMYeCCKMX HOPM. 
Pa3BMTMe TPpOM3BOJCTBa VMHTerpasibHbIxX MMKpocxemM (MMMC)- B 3Ha4MTeIbHOM cTeneHu 
ONpeNeIAIOCh pa3BUTHeM CHCTeM TIpOeKTMPOBaHWMA WM CHYOKEHMEM TOTIOJIOTHYCCKHX HOPM 
TEXHONOTMM MX W3roTOBIeHUuA. VMIMeHHO yka3aHHble MakTOpbl OTIPeAeNAIOT KOJIMYECTBO 
BbIITyYCKA€MbIX THNOB WU MapamMetpbl MMC. IIporpecc tTexHosorun co3qaHua MW WpoOM3BOACTBa 
MMC pb TeyeHue BCeX JIeT ce CYIIeCTBOBAHMA B TepBylO O4epeytb CBA3AH C TeXHOOrMel 
TeHepauMu PHCyHKOB, MeTObI KOTOPOM OnpeyxensIOT MU MpoM3BoRMTebHOCTh CAIIP u 
CPpOKM TNONTOTOBKM IIpOM3BOCTBa MW MMHMMAaJIbHbIec 3HAYCHMA TOMONOrMYeCKHX HOpM. Ha 
MIpOTSKCHHU BCeH UCTOPHM pasBUTMA MpOM3BOCTBAa MHTerpasIbHbIX CX€M TOTIOIOrM4eCKHe 
HOpMbI W3roTaBIMBaemMbiIx MMC - ofMH M3 OCHOBHbIX dakTopoB oOeciieyeHua Hx 
KOHKypeHTHOcTIoco6HoctTn. Mctopuyecku MapapasviesIbHO pa3BHBasIMCb MeTONbI reHepaliMu 
PMcyHKa OCHOBaHHble Ha UCTIONb3IOBAHMM JIS CKaHMpOBaHuA Kak QOTOHHOTO Tak ¥ 
9N€KTpOHHOro mydka. []pwHuMMuasbHoe TIpeMMyUIeCTBO MeTOa TeHepaliMH C MOMOLIbIO 
QNCKTPOHHOTO IlydKa - OTCYICTBHe OrpaHwueHMM Ha MMHMMaIbHoOe CeyeHMe Jyua NATHAa B 
o61aCTH HaHOMETPOBbIX Pa3MepoB, B TO BpeMS Kak QOTOHHDIM ya B OONacTH OObIHHO 
UCIIONb3yEMOrO BUYMMOTO CreKTpa MMeeT OTPeeeCHHble OITPaHMYeHUA yxKe PW MAKPOHHDbIX 
pasmMepax. ITpaxrwyeckwe .2%xe XapaKTePHCTHKM BBITIYCKABLIIMXCA SJICKTPOHHO-JV4eBbIX 
CMCTeM TeHepallMH PHCyHKa He TObKO OGOeCNeuMBaIM MeHbIIMe pa3Mepbl 93JIEMCHTOB 
PpUCyHKa, HO UW OOJIbILIYIO CKOPOCTb OTKIIOHEHHMA JIy4a UM COOTBCTCTBEHO CKOPOCTb TeHepalyun 
pUcyHKa. 


CosmaHue TakKWX CJIOKHBIX CHMCTe€M C YUeTOM TIepeclieKTHBHbIX TeXHOJOrMyecKUXx 
TIPONeCcOB Wake TPH HaW4MU MpOTOTHMAa HeEMBICIMMO Ha KOHKPeTHOM ypoBHe PeimeHve 
CHOXKHDbIX TIpOOseM BOSMOXHO TIP CTPYKTYPV3aulMM 3HaHUi, .BbINeeHuM HeKOTOPbIX 
aOCcTpaKLIMH WU JeKOMITIO3SHIUMM CIOXKXHLIX OOBCKTOB B HEKOTOPy!O MepapXWYeCKyIO CTPYKTYpy, 
C KOTOpOH MOXHO ObUIO Obl paboTaTb. OgHakKO B M3BeCTHbIX TyOsMKauAXx OObMHO 
MpUBOLATCA OOUIMe TapaMeTpbI reHepaTopa pHicyHKa, XapakTepucTHKU porpaMMHoro 4 
alliapaTHoro oGecrieyeHHA, KOTOPbIe ONHAKO HE PaCKPbIBaIOT CTPYKTypbl B3aMMOCBA3el 
CUCTEMbI C TCXHOJIOTHYECKHM TIPOLeCcoM, YTO 3aTPYAHAeT UCHONb30BaHMe COBPEMCHHBbIX 
MCTOLOB OOBCKTHO-OpHeHTMPOBaHHO!O TIpOeKTUPOBaHHA TIpW paspaboTKe MW MONepHH3alNN 
TaKHMX CHCTeM. 


B qaHHou CTaTbe IIPUBOAMTCA paspadboTaHHasd aBTopaMM CTpyKTypa KOMIUIeKca 3aay 
YpaBIeHHsA, IIpeCTaBIArollad aOCTaKTHY!O MOJleb TEXHONOFM4eCKOM CHCTeMBI, B KOTOPON B 
ONHOM MOACHCTeMe IIpecTaBIeHb! Kak oOOopyqoBaHve, Tak WM pealM3yemble Ha HeM 
COOTBETCTBYIOINMe TEXHONOrMuecKNe Tipowecch. B Heli UCHOMb3OBaH 3aayHbI MOMXoy u Ha 
Hall B3IIA  BOMIOMEHbI pesybTaTb! He TONbKO Teopuu dopmMupoBaHHaA CKpbIToro 
MW300paxKeHHA MW NOCTpoeHHA OOOpyROBAaHMA SKCIOHMpOBaHWA, HO WM OCHOBHBIe BOTPOCHI 
TeEXHONOrMN M3roTOBNeHHaA MMC B resIom. 447 











2. KOuMeCMmUMH H MCTORb! PCIICHMA SOROU YHPaARMeH ss. 


Crpyktypa KOMIIeKca (PYHKUMOHAaANIbHbIX 3aad yipaBlenMa Ip IKCMOHMpoBaHHn 
miacTHH W UX B3AMMOCBI3b C OCHOBHbIMM OepaliMsMiv, BbITIOJIHAIOWMMMCH Tp 
W3FOTOBIEHMM CrpykTypHoro cnos MMC moxet ObITb iipeycTapienHa B Bue HallpaByleHHoro 
rpactba (puc.1), B KOTOPOM BepILMHbI OTpaxaloT Tpoiecch! OO6paSorKU AaHHbIx WH60 
o6paSoTKH MaTepHaIbHbIX OOLEKTOB, a JIM - BXOJ[HbIe MW BbIXONHbIC OOBCKTHI. 


OciiopHbie HCTOWHWKH MM THYBI DaMbrx, moOcrymalouiMe Ha BXOJL CUCTEMbI SKCIOHMpOBAHUA 
cnenyrourme: or CAIIP rononorunu: L(r) - aByMepHoe onncaHuve TononormuM MMC, o6bmHo Ha A3bIKe 
BbICOKOrO ypoBHA, HampumMep “SOURCE”, . TI] - mia miacruusi ( cxema pa3mMeleHua Guns, 
Hammuve MeTOK WTeHTUbuKaLMM WM op.) Roc, Mmc - KOOPAMHATb! MeTOK COBMECIINCHMA TWiaCTMHb! u 
quia. 

Or CAIIP rexsonormm: @Pmcn, PMcK - onMcaHHe (POpMbI MeTOK COBMCLIICHHA TWIacTMHbl u 
Kpucramios; JITPI] - gannbie TexHomormaecKHx p@XHMOB SKCHOHUPOBaHHA TWiaCTMHb (IUIOTHOCTh 
TOKa, BPeMA OONYYeHMA, TOUHOCTh alIpOKCHMallMH KOHTYPOB PUMCyHKa, CTbIKOBKM Move, WapaMerpbl 
PYHKIWH OnM30CTH). 

Or ACY TI: JIKP - aaHHple KoppeKUMH pexMMOB SKCNOHMpOBaHHA, GOpMUpyeMBIe B 
pe3yibTaTe M3MePeCHHMA MapaMeTPOB HESIKCTOHUPOBaHHONM WiacTHHB!, HallpMMep, TOMEI pesucta; 6) 
B pe3yibTare W3MepeHUA MapaMeTpOB MacKM pe3McTa WM dopMupyeMoro CTpyKTypHOro COA; B) B 
pe3syibTaTe MONCIIMpOBaHHiA Wpollecca W3rOTOBICHHA CTPyKTypbl C YYeTOM PpeaIbHbIxX MapaMeTpoB 
paHee H3roTOBIeHHbIX choes MMC; SJ] - SKciepuMeHTaIbHble aHHble W3MepeCHUA TeCTOBBIX 
CTpyKTyp, M3PrOTOBNICHHbIX C UeNbio OfpelereHuaA WapaMeTpoB WM pexWMMOB Mpowecca (HalIpHMep, 
YYBCTBUTeJIbHOCTH pe3HCTa, BeIMYMHbI WpumycKos); KK - kpurepwm xkayecTBa, (HarmpHmep, 
MaKCHMaJIbHad TOUHOCTb: MAaKCKMaJIbHad MOpoM3RonuTeMbHOcTH); JITPIT - qanHpie TexHoNOrMyeckux 
P@KXMMOB SKCHOHMPOBAaHMA TWIaCTHHbI (BCIMYMHA YCKOpHIOWlero HalIpsoOKeHWMA, MacwiTaO, TOWHOCTh 
alIMIpOKCHMallMH KOHTYPOB, CIOCOO OOpaboTKN OTAEUbHBIX SICEMCHTOB PUCYHKa Ui Jp.). 


BpicoKkoTrouHoe §ylipapreHve QopMupoBaHveM W300paxeHUA HEBO3MOXKHO 6¢3 
IIPMBICYeHMA MaTeMaTMuecKMx MOeNeM CHCTeMbI, YINTbIBAIOWIMX TOHKWG MeXaHV3MbI 
B3aMMOJeHCTBUA BCeEX KOMIIOHEHT TexHONOorTMYecKOH. VIX MalliMHHbIe peanu3aluu u 
o6opyHOBaHHe TakoKe MOFyT aCCOLMMpOBaTbCH C y3laMM CTPyKTypbI Ha pyc. 1, PyHKUMH 
KOTOPbIX COCTOAT B CJICYIOLICM: 


1) MopmMupopanve WaHHbix oOy4deHus MeTOK coBMelleHHa. Ha OCHOBaHMHM a@HHbIxX oO 
KOOpaAWHaTax MeTKM coBMelleHHa RMc B COOTBeTCTBHM Cc dopMow MeTKM coBMeLlleHia WMmc 
dopmMupylorca TeopeTMuecKue HaHHble yimpaBieHua PopMaToM MW CKaHMpoBaHem Jtyya. Kpome roro, 
cdbopmupyetca MaccHB waHHpIx {Umc.d}, onpenermommi dopmMy 3Haka COBMEeLICHMA C I{e]IbI0 
VCHOIb30BaHHsA ero WIA BbIIMCIeHHA MyHKUMM KoOppeisiMn mpu PopMMpoBanHuu W3MepeHHbix 
3HAYCHHM KOOPIMHAaT MeETKM COBMEIUCHHA. 


2) Ha ocHopaHHMM aHHbIX O TeKYIIMX KOOpm—MHaTax noswBMKHOrO cToNa Red u Ge.dg, 
H3MeCpeHHBIX HW pacdeTHbIX KOOPIMHaAT MeTOK COBMCINCHHA WM cC yiyeTOM HeNMHeMHOCTH M 
B3aMMOBIMAHUA KaHaiOB OTKJIOHCHHA, TeOpeTHM4YeCKHX aHHbIX yipaBieHHuA WyIOM copmMupyloTcA 
MauIMHHble 3HaveHHA BEJIMGHH CHTHAIOB yiipaBreHua Jty4om {Uma}. 


MopmMupoBaHve BEIMYMH OTKIIOHEHNM OCM IyyKa C OMHOM CTOPOHbI! onperyemsetTca 
TONMONOTMMeH KOHKPeTHOTO 3KCIIOHMpyeMOro PHCyHKa WM KOOPAMHaTaMM MeTOK COBMEILeCHKA, 
ac pyro CTOPOHbI - paccormlacoBaHveM KOOpyMHaT Tpebyemoro UM TeKyIWero MONOKeHUAA 
CTOa M IWIACTHHbI, KOTOpoe B Cydae SKCIIOHMpOBaHUA “Ha WeTy’ MOXKeT MMeTb 3Ha4deHus, 
COM3MeEpMMBbIe C PaMyYCOM OTKHOHEHMA IyykKa ObICTpow CHcTemMonw oTKNIOHeHHA. UToobI He 
BBOJUTb MOMONTHUTEABHYIO 3a IepKKy B TIpouecc IKCHOHMUPOBAHUA TUIA 
BbICOKOIIPOM3BORMTCIbHbIX CHCTCM BPCMH BbIYMCICHHA MpOrHOSHpOBaHUA TeKYILero 
MONOXKECHUA SKCIOHMpyeMON OOacTH MW BEJIMYMHbI KOPPeKIMM OTKIIOHCHUA TO KOOPAMHAaTaM 
X wu Y fomKHO COBTalaTb C BPCMeCHEM CUATHIBAHHA JIAHHbIX OTKIIOHCHWA M3 MaMsATH. 
PellleHHA STON 3aNayH MOXeT TPOWM3BOUMTbCA C TMIOMOLMLbIO CIelMaiu3upoBaHHOW CXeMbI Ha 
0a3e MMKpOrporeccopa. 


3) MopmupospaHve WaHHbIX TOMONOTMH C yueTOM TexXHOOrMYecKOrO Mpouecca 
V3rOTOBNCHUA CTpyKTypHoro clos. Ha ocHOBaHMM aHHbIxX oO ToMoNorMa pucyHKa L(R), 
JAHHBIX O TOTIOMOTMUeCKHX pexuMax OOpaboTKH WIacTuH, KpuTepveB KayecTBa Impowecca 
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(HaTIpuMep, MaKCMMasIbHad TOYHOCTb, MAaKCMM@ibHast TIPOM3BOMTeIbHOCTb) 
(bopMupyeTcH MaCCUB JaHHbIX, OMpeeIMOUMN UCXOUHOe BZIEKTPOHHOe H300paxKeHHe. 


Tipu oTOM JOJDKHDI ObITh pellieHbl Be 3amauw: WpeoOpasopanve M3 TaHHbix B 
cbopmatax CATIP 8B dbopmaTsY, BOCIIPHHMMaeMbIe CHCTHEMOM SKCHOHMpOBaHHA MW KOppeKUMA 
TMX JIAHHBIX C YUETOM KOHKPeCTHBIX PeXxXUMOB TeXHOJOrMyeckoro mporecca. OCHOBHEIe MyTH 
pellicHuaA 3aa4y: McHOub30BaHve BbICOKOTIOpOM3BONMTeEIbHBIxX OBM win aut UMC 
BbICOKOM CTelmeHH MHTerpalMu MHOXKecTBa Mpoweccopos, OOLeCMMHeCHHBIX B CeTb JIMO0 
CielMmaM3vpoBaHHoro mpolleccopa OpveHTMpoBaHHoro Ha pellleHuve MosoOHoro KIacca 
3anay [1]. 

4) Koppekijua WayHbix TONMOOrHH C YyeTOM SKCIEPMMCHTaIbHbIX AaHHbIx oOpaboTKu 
TCCTOBbIX CTPyYKTYpP (BeIMuMHAa MpPUNYCKOB, TePpMOCT OUKOCTb pesnCcTa iipKV oolyyeHnn, 
YYBCTBHTCIbHOCTb, TapaMeTpbt PYHKIMM pacceAHHA SIECKTPOHOB). 

5) Koopazunaina mpoueccos. B coorpercrsuu c 3amaHuamMa ACY sepxuero ypOBHA WH 
3aaHAAMH OllepaTopa OCYMIECTRIACT KOOPIMHAlMlO 3afay yipaBeHHs. 

6) @opmuponanne curation ynpapnenua DOC. [Ipeodpa3oBpaHue MalIMHHbIX 3SHadeHHl 
"ycTaBOK" CHTHaOB, MOMBORMMbIX K 37IeMeHTaM ODOC, B MHOXeCTBO aHasoroBbix curHaoB {Us} c 
V4eTOM aHHBIX yIpaBIeHHA TapaMeTpaMH Jlyya W O30 IKCHOHUpOBAHMA. OTMMM CHTHaaMy TakoKe 
ABIAIOTCA CHTHAIIbI MONOKEHMA OCH TlyuKa, CHHAabl POpMata 30H1a, CMTHAIbI 3HAYCHMA TWIOTHOCTH 
TOKa WM WIATCAbHOCTH BCITbILIKM. 

Ham  wccnreqopaHua IOKa3bIBalOoT YTO  BbICOKOCKOPOCTHOe = ylipaBIeHHuA 
NOTeHUMaIaMA 9ICKTPOOB 9eCKTPOHHO-ONTMYeCKOM CHCTeMbl Upw 3HaveHusAx 
MoTeHuUMaIoB Gonee 10 B 3HepreTM¥ecKM HeBHITORHO BCIEACTBMe TIOTepb SHEPIMM Ha 
vuznyyeune WH60 B CormacyroummMx pesuctopax. L[lenecooOpa3Ho MpuMeHATh HU3KOBOIIbTHbIe 
uH60 BOJOKOHHO-ONTHUeCKHe JIMHHM Mepeqauwn Cc 3IEKTPOHHBIMM LieisMM mpeoopa3so0BaHuA 
CUTHaNOB, MHTCIPHPOBaHHbIMH C BICKTPOTaMU SIEKTPOHHO-ONTMYeCKOM CUCTeEMBI. 

7) Popmupospanne 9EKTPHYCCKHX Hi MarHvTHbix none DOC, smuccua, 
TpanchopTHpoBKka HW doKycHpoBKa aeKkTponHoro Notreka. Ilpw STOM MOTYT BO3SHMKaTb 
BOSMYILaloOllwHe BO3TeHCTBUA ( HalmpvMep, HaKOMMIeHWe 3apsAOB), UCKaxKalolllMe CTpyKTypy 
MOA WU NMapaMeTpbi WyyKas. HekoTopble M3 HHAX MOTyT ObITb YYTeHbI B MOeIM yupaBIeHua 
COOTBETCTBYIOINMMM Tlapametpamu. HanpumMep, HakOIUieHve 3apay0B MOxXeT ObITb 
CKOMIICHCHpOBaHO KOpPpeKKIMenw BeIMYMHbI OTKIOHCHHA WIM WIM KCHOHMpylolero 
BOSICHCTBHA, KOTOpOe XapakTepH3yeTCA O30 SKCITIOHMpoBaHHs (.B Ki/cm*2) uw sHeprueh 
9NeKTPOHOB Ud. 

8) Wsmepenne mapameTpos npsmoro noToKa 3eKkTponos. [[pou3sBogqutTcs B Mpoecce OTIaIkKH, 


pyqHoH WM aBTOMaTMYeCKOM 1OCTHpOBKM C eNbIo POpMMpoBAHMA 3HaYeHMW ycTaBOK CHTHAaoB 
yiIpaBleHys. 


9) @opmupopanne ycTapok. B COOTBeTCTBMM C pa3spaOoTaHHbIMM MaTeMaTHYeCcKMMu 
MOeIAMM Ipoleca (bOpMHpoOBaHHA 30HRa, OMCbIBAIOIMMMU 3aBMCMMOCTb TMapaMeTpoB 
30HIa OT 3HaveHHM CHTHaIOB Ha 937eKTpomax DOC, B  pe3ylmbTaTe J1OCTMpOBKH 
BhIVMCIAIOTCA 3HAYCHUA TMOCTOAHHBIX COCTABIAIONIUX CUTHAIOB ynpaBreHua {Uo}. 

10) OGnysenne. Bosgelicrsve Ha macTMHy, MWomOxKeHMe KOTOpON xapaKkTepu3yeTca 
KoopaMHaTamu Ri.db Ww yriom moBpopota Gr.d—) ( B CHCTeMe KOOPIWMHaT, CBA3AaHHOM Co 
CTAHMHOM), SIICEKTPOHHOTO TOTOKa, xapakTepu3yemoro (yHKUMeH BO3bI IKCMOHMpOBAHUA 
Q(R.0) ( B CHcTeMe KOOpIMHAaT, CBASAHHOM C MOJIEM OTKIOHEHH). BbIXOXHbIM MpOLYKTOM 
ABJIACTCA KOHUCHTpalMa palwauMOHHO-xuMMuecKuXx IpeBpaiienui C(R.m), me R.n - 
CUCTeMa KOOPIIMHAT, CBA3aHHAaA Cc OOpabaTHIBAeMOM TIacTHHOM. OcodeHHocTbio olepauu 
SABICTCA OTCYTCTBMe TIPAMbIX Hepa3pyilalOlMx MeTOJOB KOHTpoNsA onepaumu. Tipu 
OGNYYeEHHA MeTOK COBMEILICHHA CHTHall XapakTeph3yeT MONOXKeHMe MeTOK COBMEINCHHA B 
CUCTEMe KOOPIIMHAT, CBA3AHHOM C OOACTbIO OTKIIOHCHHA. 

11) Vismepennsa napamerpos oOpaTHoro moToKa 9leKTponoB. OTpaxkeHHbie oT oObeKTa 
IICKTPOHBI C NOMOULbIO ACTCKTOPOB Tipeoopa3yloTca B HCKOTOPOe MHOXECTBO IICKTPMYCCKHX CAPHaJioB 
{J}. Tipu mpeoOpasopanuu c LUWesrbiIO MOBBINICHHA COOTHOLICHMA CHrHall/UlyM OCYLIeCTBRIAeTCA 
ONTHMaIbHat Qwibrpanua curmana. JJanee mp onmpeneneHuv KOOp—MHAaT MeTKM COBMELICHHA 
BLHIVHCITACTCH (pYHKUMA KOppCJLINMH NCHCTBUTeENbHOTO HM STAIOHHOLFO CHTHAIOB 3HaAKOB COBMEILNeCHNA. 
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12) MopmupopaHve 3HayeHMi KOOpaMHaT MeTOK coBMelleHua. B coorpercreuu c 
3aaHHbIMM aJITOPHTMaMM OOpaboTKM POpMNpyIOTCA MallMHHbie 3HaveHMA OOpabaTHIBaeMbIX BeMYHH, 
B YaCTHOCTH, MH3MepeHHbIX 3HAYCHUM KOOPAMHAT MeTOK coBMelleHus {Rumc}. 

13) Tlogroropka miacTMHbl, HaHeceHwe pe3ncta. Pe3yibTrar onepalMu xapakTepH3yercs 
TOJMMMHON MW pactipeyeseHvemM MOJeKYIAPHbIX BECOB MOvIeKyn pe3sncta ( W - ncxoaHad maiacTHuHa, P 
- pesvicT, WuH9 - HeSKCNOHMpoBaHHasd MWlacTHHa, MOKpbITad pe3sHcTom). 

14) Tpy6oe copmemenne. IInacrmna ycraHaBiMpaetca B OObeKTOJepKATeIb C JMHeMHoH 
norpelHocrbro ARn WM yrIoBOK MorpentHocThIo AG. 

15) 3arpy3ka miacrunet. Iinacruna c oObeKTOLepxKaTeseM yCTaHaBMBaeTCA Ha KOOPAMHaTHOM 
croue. 

16) Tlepememenve niacrunnl. [biacrnHa c o6bekTolepxarTesieM MepemeLlaerca TAKUM 06pa30M, 
yToOnr OOpabarprBaemad OOAaCTh HaxXOMWIAach B paboyem Toe SIEKTPOHHO-ONTMYeCCKOM CHCTeMBI. 

17) lonrorospka 4aHHbIX yripaBieHua croyiom. B  coorTpercTBHH Cc WIaHOM pacnosoxeHua 
oOpabaTbIBaeMbIx OOIacTew ( YMMOB, padounx Woe, MeTOK COBMeILeHHA) COpMuUpyeTCA MHOXKECTBO 
3HaYeHMN MpeAMMCaHHbIX NO3MLM cTOua WM NapamMeTpow JBYOKeHMA (CKOPOCTb NO3MLMOHMpOBaHHA, 
BPe€MA yCnoKOeHuUs). 

18) DopMupoBaHne CHrHANOB yuIpaBNeHHA CTONOM. 

19) Vismepenue wu opMupopaHve MalIMHHbIX 3HaYeHHi KOOpAMHAT crTosia. 

20) [iposapnenve MM Opyrve 3aKOUNTeIbHbIC oepaliuvd, B pe3synbrare KOTOpbIX M3 
SKCIMOHNpPyeMOn MWieHKM pesucta OOpa3yeTca Macka M(R). 

21) Usmepenne reoMeTpH4uecKHX pa3sMepoOB TOMOJOTMYECKHX SICMeCHTOB MaCKU, (POpMHpOBaHHeE 
3HaYeHHH pa3sHOCTH M@XKAY WeMCTBUTCbHbIMM MW pacdeTHbIMM MOMOKCHUAMM KOHTypa MpPOABIIAeCMbIX 
o6jacTew pucyHka, dopmMupoBaHne MOpOroBpow O3bl YKCIOHMPOBaHHA B COOTBETCTBHH C 
pesyIbTaTaMM TIPOABJICHMA TeCTOBLIX 3IeMeHTOB Lro(R) WM AaHHbIMH SOKCHOHMPOBaHWA OTIICJIbHbIX 
oGslacTeh TECTOBbIX 3IeMeHTOB QtTa(R). 

22) WopmMupoBaHHe cTpyKTypHoro cyiosa. B pe3ynerare TomomormuecKHx BO3KelCTBH 
(pOopMMpyeTcsa peanbHast crpyKtypa Lr(R). 

23) VWismepenve oTkioneHua crpyxtypp: Lr(R) dopmupyemoro cnox mu copmupoBanne 
3HaYeHMH OTKIOHCHHA WapaMeTPOB CTPYKTYppBI. 


4, Ipakrugeckue pesy.1bTaTbl 


B AO HII “Carypn” Ha tTexHoormuecKOM KOMITUICKCe, BKITIOUAIOLIeM 
CAUCTeMY IIIEKTPOHHO-JITY4eEBOTO SKCHOHMpOBaHuA ZBA-21, MOJTYYEHI 
TPaH3MCTOPHble CTPYKTYpbI Cc pas3MepaMM 3aTBOpOB 0,3 MKM. Mmeeroleeca cerozHa 
MIporpaMMHoe ObecriedeHNe MO3BOIACT SKCIOHMPOBAaTb WM (OPMMPOBaTb CTPYKTYPHI C 
yKa3aHHbIMH MMHMMA@JIbHbIMM pa3MepaMM JIA PMCyYHKOB, KOTOpbIe MOTFyT OBITS 
CMHTC3MpOBaHbl M3 MIPAMOYIFOIbHUKOB, TPeyrOJIbHNKOB JIMHUM WM OKpyxXKHOcTeli. 


4. 3akmouenne. 


[Ipw yMeHbilleHHM pa3sMepoB w3roTaBIMBaembix MIMC pesko ycyoxKHAIOTCA Moe 
yiipaBienud. YueT TOHKMX MeXaHW3MOB B3aMMOeMCTBUA OOpabaTEIBaeMoro OOBeKTa UV 
Pa3sTMYHbIX KOMNOHCHT TeXHOJIOMMYeCCKOTO Tiporecca BO3MOxeH TIpM pellleHwu 3ana4 
yiIpaBIeHHA C TOMOUIbIO COBPCMCHHbIX KOMMbIOTePOB C BbICOKMM ObICTpOReMCTBMeM, 
JOCTaTOUHbIM OOBEMOM TaMATH a TaKXKe BbICOKOCKOPOCTHBIX CIiel{wanMv3MpoBaHHBlx 
MpoweccopoB WM JIMHWA TMepeyqayd WaHHbIxX, OCHOBAHHBIX Ha BOJIC, wNtTerpHpyeMbIx c 
SIEKTPOHHO-ONTHYECKOM CUCTeMOH POpMMpoBaHHA Iryaka. PewieHue TaKoli 3aqauu TpeOyerT 
paspaOoTkH HOBO 97IeMeHTHOM Oa3bl WM NPHMeCHeHHA  COBPeMeCHHbIX MeTOOB 
lipoekTMpopanusn. [[penroxeHHbIA B CTaTbe 3adaunell TIOMXO K TWpencraBieHu1o cyurHOcTu 
TEXHOJIOTMYECKUX MNPOLMeCCOB B CHCT€M 3JICKTPOHHO-JIVYYeBOTO SKCMOHMPOBaHHA NMO3BOJLAeT 
€rO CTPYKTYPUpOBaTb Ha TCXHOJIOPMYECKHE TIOJCUCTEMBI C YETKO ONpPeeNeCHHbIMM BXOTHbIMU 
M BbIXONHbIMM OObeKTaMM. Ha ero ocHoBe pa3pa6oraH KOMIMIeKC 3aau yopaBleHns 
aOCTPaKTHbIM TEXHOJOTMYeECKMM TIPOWeCccOM 9SJICKTPOHHO-AyyeBOH MTOrpaduu, KOTOpHII 
MOXCT ABJIATBCH UCXOZHOM MOCIIbIO Ip pa3spadoTKe UCXONHBIX Tpe6boBaHHi K pa3paboTKe 
HOBOTO WIM MOCpHM3alIMW CylecTByIOUlero WapkKa CHCTeEM  93JIEKTPOHHO-JIyyeBOrO 
SIKCIOHMPOBaHMA Ha OCHOBe Ha ycTapeBlieh OBM OnexTponuKa 1235. 

1. BbICOKOMpOM3BOLMTeIbHbIM CHeWMaIv3upOBaHHbIlt MpoWweccop AIA pelieHuaA CHCTeMbI 
AMHeEMHEIX aireOpavyeckux ypaBHeHMit c TemmmMueBbiMa Matpvuamu. A.J].Tonosarsii, B.I1.epxay, 
A.A.MepxsuucKnh, B.W.TManyyK//YCuM.-1991.-N4, c. 29-36 
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MATEPKMASIbI KX TEXHOOMUA PEASIASALIMI 
AKYCTOONTAYECKKX YCTPOMCTB 


B.B.flaxunos 
Aloneuxuti HUY KkomnneKcHou aemomamu3ayuu 





AxHomauua - Mpenanoxeva cTpyxTypHas cxema akycToonTuyecKoro ycTpovicTBa, rae Kak Ga3so0BbIf SMeMeHT 
BbINeNAeTCA akycToonTuyecKkan AYeliKa (AOR), noKkasaHo sHayeHve BbISopa MaTepvianos cBeTo3sByKonpoBoga (C3I1) u 
enekTpoaxycTuueckoro mpeoGpasopatena (SAI) gana oOecneyeHua ee BbIcoKOM sdbcbexTuBHocTu. MpvBegeH nepeveHb 
NepcnekTVBHbIxX MaTepuanoB KW TeXHONOMYeCKHM Npouecc cosgaHun AOH Ha ux OCHOBe. 


i. BBenenne 


Axyctoontuyeckve ycTpovcTBa ynpaBneHvA Na3sepHbIM NYYOM MNMPMMeHAIOTCA Kak 9NeMEeHTbI 
anpecaumy WU NpepbiBaHMA UHCOpMaALIMOHHOTO NOTOKa B ONMTVYECKVX SANOMVHAIOLUMX YCTPONMCTBAX, 
BbINVCNUTeENbHbIX CpegcTBax O6paSoTKH pagMocurHanoB, CUCTeMaxX NOCTPOeEHMA U30OpaxeHMN U T.A. [1,2]. 
OHaKkO, OTCEYECTBEHH@A MPOMbILUNEHHOCTb He BbIMNYCKACT AKYCTOONTVYECKUX YCTPOVMCTB M3-3a OTCYTCTBUA 
COOTBETCTBYIOWIMX TeXHOMOMMN. DU3sW4eCKNe OCHOBbI MOCTPOeHMA AKYCTOONTMYeCKUX YCTPOKCTB ANA 
ontuyeckon o6paboTKu UHdopmMauUy u3snoxKeHbl B.B. Knyg3nubio B [2]. 


ll. Mavepvanbi cBeTo3ByKonpoBoga KM snekTpoakycTuYeckoro NpeobpasoBaTena 


HesaBUucuMo OT @YHKLUMOHaMbHOrO HasHa4eHVA NKHOOoro akyCTOONTMYeECKOrO YCTPONWCTBa ero Oa30BbiM 
9NeMeHTOM SABNAeTCA aKycToonruyeckaA AYeVKa, B COCTaBe KOTOPOA MOXHO BbIReNUTb = yanbl 
anexTpoakycTuueckoro §=npeo6pa30Batens, akycToonTuueckoro (AO) B3avmogelvicTBuA WU NOrNoWweHun 
AKyCTVYeCKON SHEprn (CM. PHCYHOK). HEOoTbeMNeMBIMM YaCTAMY AYeHIM ABNAIOTCR MOAYNK BOZbyKAeHUVA QATI 
uv oG6ecneyeHuA skKeMNyaTalVOHHOH cTabunbHocTu. OddextTnBHocTt MpeoOpa30BaHvnA AO SsHeprMn 
ynpaBnvAiowero paguocurHana B panied teh CBeETOBYIO BONHY ONpPeAeNAeTCA COOTHOWEHNeM BUA: 


Ky =I,]Ig =|? Py LMy | (22 2 cos? 6H) | 


roe f 1 Py | Q - VHTeHCMBHOCTH ANcbparMpoBaHHoro M Nagatolero Ha CBETO3BYKONPOBOA Na3zepHoro U3ny4eHuA, 


A - QnvHa BonHbl nasepHoro vanyyeHua, @ - yron nageHuA NasepHoro nyyka Ha CBeETOSBYKONpOBOA, 
M) =(n° Pon / p v9} - akycToontuueckan go6potHocts caetossyxonpopoga, Ly =K Pps - 


MOLUHOCTB akyCTW4eCKO BONHbI, pacnpoctpanatowelica Bp C3, LH - gnvuna wu wupuna 


enekTpoaxyctuyeckoro mpecOpasospatenn, HM - nokazaTenb NPenoMNeHMA cpeAbl cBeTO3ByKONpOoBOAa, Pryy - 
cboToynpyran MOCTOAHHaA B HanpaBNeHwu pacnpocTpaHeHuwA cBeTa B C3Il, M ~- NMNOTHOCTb cpeAb! 


CBeETO3BYKONpOBOnAa, - CKOPOCTb pacnpocTpaHeHuR akyCTVYeCKOW BONHbI B CSI], Ks KOaCCpUL|NeHT 


npeobpa3s0BaHuA MOLUHOCTU paguocurHana Pp § B MOUHOCTh AKYCTUYeCKOM BONHbI (k ( 1) . KoadcbvLMeHT 


ABnAeTcA cdpbyHKWNMen k= 7. (Kemskt), re: Kom ~ KOSCCULMEHT SNEKTDOMEXAHUYeCKOUK CBA3U 


NbeSOSNIEKTPUYECKUX NNACTMH, NPVMeHAeMbIX B KayecTBe VAT, ky - KOSMDULMEHT Nepesauun CBA3YIOLUUX 


cnoes, HaxomAuuxca Mexgay SAN uv Topyom C3M. Yron nageHvA na3sepHoro nyyuka Ha_C3il onpefensetca 
yCNOBYeM CYLUeECTBOBaHMA ANdpakiuu. U3 npvBegeHHoro BbIPDaAKeHUA BUAHO, YTO ScdbcdeKTMUBHOCTb AOA 


onpegensetcn 8 ocHosHom MM 7  (xapakTepuctuka cBeTosByKonpoBoga) Vu Kk (xapaxrepuctuxa 


npeo6pa3so0BaTens WU CBA3YIOLUMX Cnoes). 

Kpome MpuBemeHHbIx CooOpaxeHun B NocnegAHee BpemMA no Mepe pocta onbita cosgaHun AOH [3] 
cTanu mpeAcTaBnaTb UHTepec maTepvanb! C3l, 8B KOTOPbIX MOXKHO NONyYYVTh AUcpaKkyuio C ABBOKMHbIM 
nyyenpenomneHvem (aHv3s0TponHyio), Tak Kak B 9TOM CNyYae V3MeHReTCA NoNApuv3aluA AUd@parupoBakHoro 
Ny¥@ OTHOCUTENbHO NONAPK3aLMU NaAalOLUerO. OTO NO3BONAET 3HAYWTENbHO YMEHbLUMTb YPOBEHb GOHOBON 
3aCBETKNY MMHeMKN choTOmeTeKTOpa Mpoyeccopa o6paboTKw curHanoB, YTO NOBbIWAeT UX AMHaMMuYeCcKUH 


Avanasou [2]. flo cux nop cuntanoct, YTO peanusoBaTb Tako pexkum BOsMOxKHO B C3M Ha ocHope LINDO, 
OAHaKO KOHKYPeHLIMKO STOMY KPUCTanny MOxKeT coctaBuTb GaP. HecmoTps Ha TO, YTO OH ONTMYECKU U3Z0TPONeH, 
Kak ObINO NoKa3saHO cneuManvuctamu dupmb! TRW, npuw uso0TponHon AucpakuMn Ha CABYTOBbIX akyCTUYECKMX 
BOMHaX HanpaBneHve NonApu3zaynn AMcparMpoBaHHOK CBETOBOKM BONHbI MOKeET B HEM U3MEHATBCA Ha 90 ° 
OTHOCUTeMbHO NMagatower. Bmecte c TeM, Kak ObINO YCTa€HOBNeCHO aBTOPOM, CaMoe cCuNbHoOe AO 


B3aMMOAeNCTBMe BO3SHMKaeT B STUX KPMCTannax ANA NpOAONMbHbIX AKYCTNYECKUX BONH, B OYCHb LUUPOKOM 
Avana3oHe MX YacToT (no 8 / Tu), c Manbimu akycTMYeCKuMNY NOTeEDAMH. 
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Apyrumu mMatepuanamu CSM, mpaktuyeckad 3Ha4YAMOCTb KOTOPbIX NDU3ZHAETCA B HACTOALUMM MOMEHT, 
ABNAMTCA ranoreHugbl TAKENbIX METANNOB 


Hg Cl,, Hg,Br.,HgJ,,Cs,HgCly, Cs,HgBry,Cs,HgJ, (1,31. 
HOMUMO BbICOKUX akyCTOONTMYeCKUX XAapaKTepUICTUK BTM MaTepvanbl HE MbesosnekTpUKY, NOsToMy BNuAHVe 
SNEKTPOMAPHUTHOLO U3sny4eHUA Nasepa Ha C3ll v3 HUX MOSDKHO CBOQMTbCA K MUHUMYMY. 
OCHOBbIBaACh Ha NPMBEACHHbIX CooSpaxKeHMAX, YHANOCh CMHTE3MPOBATb HEKOTOPbIe MOHOKpUICTaNsits| 


ANA co3sfanuA C3Il uw u3MepviTh WX OCHOBHbIe xXapakTepucTuKu, HeoOxogumbie ANA mogenupoBanuA 
AKYCTOONTUYECKMX YCTPOUCTB, &@ TAaKKE V3FOTOBUTb SKCNEPMMeHTaNbHble akycTOOonTHYeCKHe AYeEKY UV W3MeDUTb 


ux ecbcbexTuBHocTb. AaHHbie uccnegoBaHuit npyBegeHb! B TaGnuue. Bexropamn £,N,V o6osHayenti, 


COOTBETCTBEHHO, HanpaBneHMA sneKTpYNecKorOo NonA Na3sepHoro Uu3nyYeHWA, NepemelWeHVA MW CKOPOCTU 
@KYCTMYECKOW BONHbI, Q - 3aTyXaHNe AaKYCTMYeECKON BONHbI, P -MNOTHOCTb MaTepuvana C3. UsmepeHusr 


MPOBOAMIIMCh Ha YacTOTe aKycTMYuecKOoM BonHb! 250 Miu uv anuvte BOnHbI nasepa 0,63 mKm. Y sBcex 


SKCNEpUMeHTanbHbIX AOA pasmep BHeWHero snektpona I x | mou? (@AMHMYHEIA), YTO NOSBONAeT afeKBaTHO 
OWEHUT UX adcdbexTuBHocTh K | yi 1 / I 0) - 

Tp@QUuvoHHbiMv MaTepvanamn NA cosyaHus MbesoanekTpuyeckux snekTpoakycTuyeckux npeobpa3o- 
BaTenem B Bue NNacTHHuaTIX (Ha CABTOBy!O U NpogonbHyto akycTMyecknve BonHbl) aanaoTca LINDO (na 


4acToTb! MO 400 Miu), a Ha Sonee pBbicoKux YacToTax (go 18 /Tu) - TekcTypupoBaHHbie nbesonony- 
NPOBOAHMKOBbIe NNMeHKA ZNO COOTBETCTBYIOLUMX OPMeHTallMA B CUNY XOPOLWWO OTpaboTaHHONW TexHonorun 
CO3AaHNA ANA HUX CBASYIOLUMX CNOeB U BbICOKOFO KOSDUUNeEHTAa SNeEKTPOMeXaHMYyeCcKON cBASH [1,2,3]. 


lil. TexHonorna cosgaHna akycToonTMYecKknx AYeeK 
Ha OCHOBe npeANaraembix MaTepuanosB 


TexHonormmueckui npouece co3qganun AOA cocrout ua nonyyeHvA MOHOKpUCTannos, u3sroToBneHnA 
CBETO3BYKONPOBOAOB, U3rOTOBNeHMA KM KpenneHnva snekTpoakycTuyeckoro npeoOpasoBatena. 

TexHonoruyeckoe oOopyqopaHve ANA pocTta MpNVBeAGHHbIX MOHOKDUCTannoB, a  TakxKe 
NOAOTOBUTeENbHbIe ONeEPalWn NO FONONHUTENbHOU OUUCTKE VCXOAHbIX KOMMOHEHTOB UX, C HE3SHAYVTeENbHbIMU 
AopaSotkamy, CooTBeTCTByIOT ONMCaHHomy B [4]. 

Pocr GaP OCYLUECTBNANCA U3 ra3sOBOK ca3bi, Sbinu NonyYeHbI MOHOKPKCTasINb! AMA@METPOM 12 mM, 
anuvon 18 mM. U3 Hux no TexHonoruu O6pa6oTKK TBeEpAbIX KpvcTannos [5] cosqaBanuch (opveHTupoBanucb 
cornacHo Ta6nuye no HeoOxoAMMbiM KpvcTannorpaduyeckum HanpasneHnam, BbIpesanvch, WwAndoBanuc u 
nonupoBannch) oOpasub! C3Il pasmepom 6 x 12 mm. Ha Hux HanbiInanach NonuKpucTannuyeckaa nneHKa ZNO c 
opheHTayven KpucTannutos, HeoOxoqumol Ans Bos6yKgeHMA COBVTOBbIX WN NPOAONbHbIX aKYCTMYeCKHX BONH 
[2]. HaHocunacb nneHka Ha ycTaHoOBKe MarHeTpOHHOrO HanbineHuA Tuna “KatTog-1" no TexHonormueckum 


pexkumam, npwBegedHbim B [6], nyTeM pacnbINeHvA WVOHOB WU MULUeHY M3 YUCTOrO Zn B aTMOctbepe 9: 


Ckopoctb HaribineHua (2 ... 5)x107 MKM/MuH. Ka4eCTBO NNeHKY UW OpveHTalWA KpvcTannutTos oueHWBanacb 
PEHTTEHOCTPYKTYPHbIM @HaNM30M Ha ycTaHoBKe JTPOH-3. Kak oka3anocb, KAYeCTBO NNEHKU CUNbHO BNUAeT Ha 
xapakTepuctuKu AOA. B yacTHocTy, cyLiiectayeT onpegeneHHoe BNUuAHNe TemNepatypb! OcaxXAeHUA NNeHKU, a 
TalOKe MECTONONOKEHMA KM OPKEHTALMM NOANOKKM B Mpoyecce ocaKgeHVA. OnekTpogb! SAN usrotasnuBanvich 
MeTOAOM doTonutTorpadun. VU3srotosneHHbie AOA c egnHvuHbIM sneKTpogom umenu LUMpMHy nonocb! 
nponyckaHuA No ypoBHio - 3 OB, paBHyto 1,1 fu, Ha UCHTpanbHONW YacToTe - 2,6 /Tu. 

B cuny onpegeneHHpix cbu3nko-TexHomornueckux TpygHOctei [4] yganocb NONYYUUTb TONbKO 


MOHOKPMCTAasIFIb! Hg,Cl, MeTOAOM HanpaBneHHow cyOnumauun uz ra3soBoM da3bl xnopuga pty B 


AuanasoHe temnepatyp 300...480 °C 5 BakyYMUpOBaHHOM KOHTeiHepe. {inv  BbipaLjMBaHna 
WCnONb3OBaNnach ABYXKaMepHaR BEPTUKasibHan anekTponeub. CyOnumupyrouwuk mMaTepvan pacnonaranca B 
HVKHEM YaCTH KOHTeHepa, KOTOPbIN NOAHMMAasICA BBEpX CO CKOpocTbIO 0,015...0,058 cm/y. Bbinn nony4eup! 
KpcTannb! AvaMeTpom fo 8 mM KW ANMHO 12...16 mM, OpHeHTYpoBaHHble B HanpaBneHuv [1 10] vi [001]. 
Metogamu texHonorun o6pa6oTKu mMarkux BOAOpAaCTBOpYMbIX KpVicTannos [5] 6biInu co3panbt CBeETO3BYKOMpO- 
5x8 aw? 
BOAbl pasMmepom IX 6 MM V3-3a Oonbworo NoKkasaTena NPeNOMNeHUA Ha rpaHAX 3aFOTOBKH, NPOBOAALUIMX 
CBeT, Obino HaHeceHo NpocBeTNAOWee NOKpbITHe MeTOAZOM, ONMCaHHbIM B [7]. Hau6onbuwue TPYOHOCTU N3-3a 


XUMUYECKON AKTUBHOCTU MaTepvana C3M sBbisBan npouecc KpennexHua SAN, 8 casi3u c Yem 6pina co3gaHa 
TEXHONOMA OCAKACHUA OPraHV4eCKUX NNMEHOK, KOTOPble VWCNONbsOBanMcb B KaYecTBe Ge3yedexKTHbIXx 


NPOMEXYTOUHBIX CnoeB. SaTem MeETOAOM BakyyMHOU KomMNpeccuu Kpenunca GAM u3 nnacTuHt LiNbO, X- 


cpe3za. fjanee nopepxHoctnh SAM uw C3il nog maBneHvem B3aNMHO conpukacanuch, a mnactuna 
npeoOpa3sopatena AoBogunach go HeEOOXO_MMOHK TONWMHbI (nopagKa 30...40 MKM), U Ha €@ MOBEPXHOCTb 
MeTogom dotonutorpadun Hakocunuch SsneKTpombl. 


MouHoxkpuctannel Cs,HgCl, Vv Cs,HgBr, NONyYeHb! B BEPTHKANbHOM ABYX3OHHOM neun no 
MeTony BpuaxkmeHa-CTok6aprepa [8], TexHonorua usrotopneHva C3M uv AOA Ha ux ocHoBe npakTuyecku 
ahanorvuba BbILUe NPYBeAeEHHOU ANA Hg,Cl, (HeKOTOpoe OTMMYNe TONbKO TEXHONOrMYeCKUX pexXUMOB NpY 
COXpaHeHUN TexHONOrMYecKoro Npowecca). 
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IV. SannioyveHHe 


NMpuBegeuHHble axycToonTuyeckve MaTepnvasibl, TEXHONOrMA UX NOMyYeHNA UW COsMaHVA Ha UX OCHOBe 
CBETOSBYKONPOBOAOB, Aa TaWKe, COOTBETCTBEHHO, aKYCTOONTUYECKUX AYEeK, NOKA3bIBAaeT CYLWeCTBOBAHNe 
na6bopatTopHbiIxX TeXHONOCrM, KOTOpbie Mmpu cooTBeTcTByIOWeM fopaboTKe moryT O6biTb BHEAPeHb! B 
MpOUsBOACTBO. 


PexOMeHAYeMble ABTOPOM MOHOKpUCTannb! AnA C3ll u w3aroToBNeHHble akycToonTuYecKNe AYeVKM 
vucnonb3soBankich B floHeLIKOM HWW kommneKCHOU aBToMaTu3auMM Npv cosmaHvu mpoueccopos o6paboTKu 


paguocurHanos, a TakKe yipaBneHun nasepHbiM NYYKOM B ONMTVYECKUX 3aNOMMHAIOLUMX yYCTPOKcTBaX, ANA 
3anvucu HHMopmaLnn. 
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MATERIALS AND TECHNOLOGY FOR ACOUSTOOPTICAL DEVICES MANUFACTURE | 


Danilov V.V. 
Research Institute of Complex Automation 
2 Batisheva St., Donetsk-340004, Ukraine, tel. 380 (0622) 58-80-20 


On the base of the suggested flow chart of acoustooptical device, acoustooptical cell (AOC) is distinguished as the 
basic element which contains acoustooptical substrate (AOS) and electroacoustical transducer (EAT). The review 
of the modern materials which are used for AOC producing has been held, and the outlook for application of 
galogenids of some metals for AOS manufacturing has been described. The technological process and flow charts 


of the necessary special technological equipment for perspective materials and AOS producing have heen 
suggested. 
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Medical & Industrial Applications 
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SKCHEPAMEHTAMbHOE AUCCNEAOBAHME BNAKHOCTH 3EPHA — 

MUKPOBONHOBbIM METOJOM 

V..B. Bparnn, B.. Cru6uyes, C.V. Bparun, B.C. PaGwHoBiy , VLA. IKEFITHKOB...........cccccssesscceccesccsscscccerercceures 459 
EXPERIMENTAL RESEARCH OF GRAIN MOISTURE CONTENT 

USING MICROWAVE METHOD 

|.V. Bragin, V.P. Sgibnev, S.I. Bragin, V.S. Rabinovich, |.A. Zheltikov 


BrUAHKME CBY-A3NYYEHUM HA KUSHECrIOCOBHOCTb 

NOPOX U FABPUACB TYTOBOrLO WENKONPADA 

B.F. Liax6a30e, J1.M. Yenenb, H.H. Fopo6eu, B.U. Kuiiko, 10.1. LikopGaros, B.A. MpaGua..........cceceeeee 461 
INFLUENCE OF MICROWAVE IRRADIATION ON VIABILITY 

OF STOCKS AND HYBRIDS OF SILKWORM | 

V.G. Shakhbazov, L.M. Chepel, N.N. Gorobets, V.1. Kiyko, Yu.G. Shkorbatov, V.A. Grabina 


BNUAHKME MUKPOBOSIH PASNMYHOK NONAPH3AUMH 

HA BUONROrTUWUYECKNME KAYECTBA CEMAH 

B.r. lWax6a3oes, JI.M. Yenenb, H.H. fopoSeu, B.U. Kulixo, 

JLM. Cuonnk, J1.@. Kyau, B.A. PpaGuna, 10.9. LUKOpGaTOB...........cescccssesssssssssssscsssssscsesessesscscsccestsensceeracsuceenenes 463 
INFLUENCE OF THE MICROWAVES OF DIFFERENT POLARIZATION 

ON BIOLOGICAL QUALITY OF SEEDS 

V.G. Shakhbazov, L.M. Chepel, N.N. Gorobets, V.I. Kiyko, 

L.M. Snopik, L.F. Kuchin, V.A. Grabina, Yu.G. Shkorbatov 


BNWAHWVE KBY-ASIIYYEHUWA HA SHEPTETUYECKOE 
COCTOAHUME AGEP KNETOK YENOBEKA 

lO.F. Wkop6atos, B.I. LUax6a30B, H.H. Ppuroppeara, B.A. [pa6una, AM. BOrOCHABCKUN........cccccssersesecesere 466 
INFLUENCE OF MICROWAVE IRRADIATION 

ON THE ENERGETICAL STATE OF HUMAN CELL NUCLEI 

Yu.G. Shkorbatov, V.G. Shakhbazov, N.N. Grigoryeva, V.A. Grabina, A.M. Bogoslavsky 

Changes of electrokinetic properties of cell nuclei and the quantity of granules of perimembrane heterochromatin in nuclei 

of human buccal epithelium cells under the influence of electromagnetic field in vitro, A=7.1 mm, with exposion 1-60 
seconds, were studied. Irradiation of cells was realized by the means of the apparatus for Extremely High Frequency 
Therapy “Yav-1". The original methods elaborated at the Department of Genetics and Cytrology of Kharkov State 
University were employed. It has been shown that irradiation of cells induces the decrease of electric charge of native 

human buccal epithelium cell nuclei and the increase of chromatin condensation degree in the nuclei. The observed effects 
depend on irradiation dose and individuat peculiarities of donors. 
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MUKPOBOSIHOBOUW PAQVOMETPUYECKMM METO U3MEPEHMA TEMMEPATYPb! PAC- 
NAABNEHHOO METASINA. PE3YNbTATbI SKCNEPMMEHTASIbHbIX ACCNEQZOBAHMH 
.B. Bparun, B.M. Cru6xHes, C.U. Bparun, V.A. Kentukos, 

10.b. Bparnua, B.D. Muxaiinos, A.T. AM@KCOeB..........cscccecccsseceessssssoessscsssssessssnsssscarseccsseceseesssneuceucersverecesensusenses 
MICROWAVE RADIOMETRIC METHOD OF MEASUREMENT 

OF A MELTED METAL TEMPERATURE. 

RESULTS OF EXPERIMENTAL RESEARCHES 

I.V. Bragin, V.P. Sgibnev, S.|. Bragin, |.A. Zheltikov, Yu.B. Bragina, V.F. Mikhailov, A.T. Alekseev 


TOYHbIA PAQVONOKALIMOHHbIN MV3MEPYTENb MASIbIX AATIbHOCTEN, 

UCNONb3YIOWJMM HAHOCEKYHHbIE UMNYNbCbI 

U.B. Bparun, A.A. Mopo3os, C.U. Bparun, B.I. Cru6nes, B.®. MUXAUTI OB scisssinissseencuecscsasvessussezussteevasewscaies 472 
PRECISE RADIOLOCATIONAL METER OF SMALL DISTANCES 

WITH NANOSECOND PULSES USING 

I.V. Bragin, A.A. Morozov, S.I. Bragin, V.P. Sgibnev, V.F. Mikhailov 
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NROCKKE CAUCTEMb! NOBEPXHOCTHbIX BORH Ariki HATPEBA DASNEKTPKKOS 


BRDU, FAY iG ao RP ASO os aces sicccas ve vilewcehsvunncenvaausauncuacunsecanswveeguauanapocwoyi ui plavsses in ive svteaceauecscaneuuseacamsgeesassanananancins 


PLANAR SYSTEMS OF SURFACE WAVES FOR DIELECTRIC HEATING 
K.P. Yatsuk, R.R. Shvelidze 


UCNONb3OBAHVE METODA CPOKYCUPOBAHHOK AMEPTYPb! 
ANA CBY TEXHONOTUUECKMX YCTAHOBOK 


lA. Mopo3os, O.B. Moramosa, 1O.E. Cece nbHUlB.........ccsccssscccsercecensenssnncceneceneesesensredeseeseneesenseeceneusssanavaunnenss 


USE OF THE FOCUSED METHOD OF APERTURE 
FOR MICROWAVES-TECHNOLGICAL INSTALLATIONS 
G.A. Morozov, O.V. Potapova, Yu.E. Sedelnikov 


To the present time the technological microwave installations are created and widely used in the industry. During 
development of microwave processing media there is a problem of electromagnetic fields excitation in the working 
chambers of installations to ensure the given intensity of these fields on volume of a chamber and inside the treated 
material. The calculations show the increasing of significant field intensity on a certain depth of method of a focused 
aperture in comparison of with unfazed excitation of radiators, as well as the exsistence of optimum amplitude distribution, 
ensuring the maximum intensity of field on the given depth. 


CUHTE3 MHOFPO3OHAOBbIX PADMOBONHOBbIX DATYMKOB JNA WSMEPEHUA 
HESNEKTPMYECKMX BENMUMH C NOBbILUEHHOM YYBCTBUTENbHOCTbIO 


PS CORIO escent agen cssect ecb csc tseusacacccgus ccd ocwcuezess Saesatinsycunaucacvus te samsauathar ead cevetsedenacaasbeeutewieus duu eveetianoms se rencet nee aek 


MULTIPROBE MICROWAVE SENSORS DESIGN FOR MEASUREMENTS 
OF NONELECTRICAL QUANTITIES WITH IMPROVED SENSIVITY 
A.S. Soviukov 


ONTMYECKMA BbICTPOQEKCTBYIOLUNK DATUMK ANH ONEPATABHOFO 
KOHTPOSIA BLIBPOCOB AbUIV NPOMbBILUNEHHbIMY NPEANPURATUAMUM 


B.5; EBAOKMUMOB:. 11.0 TIGME SEK OB ssscsicscckcccacesssasctnvccsedcciossccesuueecususas sone cnasocasenss cea cevensedasecsuusessaenssecaddesaseeaacepasenes 


OPTICAL HIGH-SPEED SENSOR FOR ROUTINE MONITORING 
OF DUST DISCHARGED BY INDUSTRIAL ENTERPRISES 
V.V. Evdokimov, I.F. Demjankov 
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OKCNEPAMEHTANbHOE UCCNEDOBAHME BMAXKHOCTH 
3EPHA MUAKPOBONHOBbIM METOZOM 


bparvy U.B.., Bparun C.V., Cru6Hes B.I1., Pa6vHosuy B.C., Kentuxos VA. 
Oco6oe Koxcmpyxmopcxoe Bropo M3, 2.Mocxea 111250 KpacHoxasapmMennan 14 
daxc: (095)3625576, men.: (095)2734001 
B.&.Muxalinos 
Foc. Akademua Aapoxocmuyeckoeo Ipubopocmpoenua, C.emep6bype 190000, Mopcxas, 67 
qbakc: (812)3157778, men.: (812)2107036 


AxKomauua -~ V3roxeHbl pesynbTaTb! KOHBEPCU CNYTHMKOBbIX TeXHONOrMh, UCNONb3OBaHve GopToabIx ZaTYuKos KBB 
YW COPTOBLIX @HTeHH ANA WSMepeHAA BNakKHOCTU 3epHa. MpuBegeHbt pesynbTath! skKCnepuMeHTanbHbIX vCcCNegoBaHviA no 
W3MEPeHKtO BNAXKHOCTW 3EpHa B NOTOKe B MUKPOBONHOBOM AMana3soHe ANH BONH. NonyyeHb! cbyHKLMOHaNbHble 3aBYCUMOCTH 
ocna6neHiA MUKPOBONHOBOrO CYrHana OT BNaKHOCTM, TeMNepaTypb! M CopTa 3epHa. 


i. BBegeune 


B HaCTOALUVA MOMeHT OAHOK 3a akTyaNbHbIX 3a9a@4 MYKOMONbHOrO Npov3sBoACTBa ABNAeTCA 
ONEpaTMBHOE W3MEPpeHVe BNAXKHOCTU 3eDHa, ABYKYLLETOCR B NOTOKe, YTO ONpenenrAeT KAYeCTBO MYKV, a 
CNEAOBATENbHO, KAYECTBO U3AeENMU, U3TOTOBNEHHbIX U3 Hero. VAccnegoBaHvA NpoBoAUNUcbh Ha MOcCKOBCKOM 
KOMONHaTe XneGonpoyvyKTos. 


il. OCHOBH@A YaCTb 


HexoTopbiA o6bemM s3epHa nomMeUjancA B CeKMIO CTaHfapTHoro BONHOBOAa MexAY ABYMA 
PagvonposparHbiIMu MNacThHamu. V3smMeprnoch 3aTyxaHve curHana, NpoxogAwero Yepes sepHo. Mpu stom 
BaPbUpOBaniCh BI@KHOCTbh 3€pHa, Temnepatypa, COpT 3epHa (nnoTHOocTb). Ona storo xe obpa3sya 3epHa 
U3MEPANaCb BNAKHOCTb TPaAKWLIAOHHbIM MeTOnOM No TOCT 3040-55. 

Ha pyc.1 npvBegexa cbyHkKUMOHanbHaA cxemMa yCTaHOBKM ANA onpeneneHuA ocnabneHna 
MUKpOBOnHosoro curHana. Ha puc.2 NOKasaHa KOHCTpyKUMA W3MepUTeNbHO ceKunu. VsmepeHnaA npoBoAunuch 
B S-Auana3o0He Ha YacToTe 11 [Tuy. BosmoxkHbid AUHaMMYeCcKH guana30H u3MepeHuA 3aTyxXaHUA cocTaBun 
0+30 4b. Mlpw atom norpeuiHoctb W3MepeHNA saTyxXaHuA He NpesBbiwana 0,1 46. Uccnegospanca gvana3oH 
BnaxKHocTM = 13,5+15,5% nw mvana30H Temnepatyp 4:39°C. PesynbTaTb! uccnegopaHvui B  Bvge 
SKCNEPUMEHTAIbHbIX 3ABUCUMOCTeEM 3aTyYXAHUA MUKPOBONHOBOrO CurHana OT BNaKHOCTM, TeMNepaTypb! uv copTa 
sepa NpvBeAeHb! Ha piic.3, 4, 5 ANA pasnuyHoro BPeMeHM BbIZ}ep KKM 3eEpHa Mocne ero yBnaxKHeHUA. Tam %*e 
NPUBeEAeHb! PYHKUVOHANbHbIe 3ABUCHMOCTY, ANNPOKCUMUpyIOLUNe NONYYEHHbIe SKCNEPUMEHTaNbHbIe AaHHble, 

AHanu3 SKCNEpUMeHTaNbHbIX 3aBYCUMOCTeM NoKasan, YTO 3aTyXAHVe NpaKTHYeCKN He 3aBUICHT OT 
HaTypbl (MMOTHOCTM) 3epHa. flosTtomy 3aga4a cBeNnach K HaXOKMeHMIO CyYHKUMOHaNbHOM saBucumocTH 
BN@KHOCTH 3EPHa OT U3MeEPeHHOrO 3aTyXaHuA Ww Temmepatypb!. [pu paccmoTpeHuu cepuvii KpMBbIX ObINo 
PELUGHO 3afaTb STy PyHKUNto NpoM3sBeEAeEHMeM AByX, Kaa U3 KOTOPbIX 3ABUCHT OT OAHOTO NapamerTpa: 

I(p,t) = X(p) * Y(t), rae |-anaxkHoctb, p-satyxaHne, t-Temnepatypa. 

Oxa3aniocb, YTO dyHKuMn X(p) u Y(t) © BOcTaTOUHOM TOUHOCTbIO MO)KHO aNNPOKCUMUpOBaTb 
nONMHOMAaMM 2-3 cTeneHu. [nA 3aBUCMMOCTM BNaKHOCTM OT 3aTyXaHYA MonyyYeHa annpoKcumupyrouiaa 
@YHKUMA 8B BYGe NONMNOMAa BTOPON cTeNeHV: 

X(P)=+0.12686«p7+4. 1321*p-13.846, 
@ ANA 3ABUCUMOCTH Ba KHOCTH OT TemMNepatypbl - B BAG NONVHOMAa TpeTbe cTeneHu: 
Y (t)=1.12105*10°*t°-2,7087"10*#t?-2.3945*107#t+1.5208. 
Ha puc.4. npvsegena norpelHocTb onpepenenva BnaxKHOCTM 3epHa B 3aBUCMMOCTM OT ee BeENNUMHEI. Cpen- 
HEKBAAPaTUYECKOE OTKNOHEHNE U3MEPeHMA BMaKHOCTK OT NONYYEHHOK annpoKcumauun coctaBnae§t 0,33 %. 

Bbin NPOBeAeH @Hanu3 YyBCTBYTeENbHOCTM 3HaYeHUM BNaKHOCTH K TOUHOCTM ONpeneneHua 3aTyXaHuA 
vw Temnepatypbi. [loka3aHo, YTO ANA HAXOKMEHNA BNAKHOCTU 3epHa C 3aMaHHON ToUHOCTU 0.5%, Heobxogumo 
V3MeEpATb Temnepatypy C TOUHOCTbIO 0.2 rpanyca, WU 3aTyxaHve C TOYHOCTbIO 0.3 AB. OT BeNM4NHbI 
onpegenunu 3agaHve Ha pa3spaborTky sKcnNepuMeHTanbHoro O6pa3sia YCTaHOBKM. 


lil. SakniouveHne ie 


Nonyy¥eHHble pesynbTaTb! MOKa3bIBalOT, YTO BO3MOKHO MPOBOAVTb U3MepeHMA BNaxKHOCTH 3epHa 
Pa3sNU4HbIxX COPTOB MUKPOBONHOBbIM MeTOAOM C NOrpewwHOCTbIo He xyxKe 0,5% ANA nioGoro copta 3epHa. Jnr 
sToro Hao W3MepATb Temnepatypy ¢ ToOYHOCTbIO 0.2 rpanyca u 3aTyxaHve c ToYHOCTbO 0.3 zB. 
PaspaOaTbiBaeTcr SKCNepUMeHTaNnbHaAr YCTaHOBKa ANA paGoTb! B HATYPHbIX YCNOBMAX. 


EXPERIMENTAL RESEARCH OF GRAIN MOISTURE CONTENT USING MICROWAVE METHOD 


Bragin |.V., Maslov S.E., Sgibnev V.P., Bragin S.I., Rabinovich V.S.,  Zheltikov J.A. 
SDO of Moscow Power Engineering Institute, 14 Krasnokazarmennaya St., Moscow-111250, Russia 
tel. (095) 3625576, fax (095) 2734001 
Mikhailov V.F. 
Academy of Aerospace Instrumentation, 67 Morskaya St, St.Petersburg-190000, Russia 
tel. (812) 2107036, fax (812) 3157778 


The results of experimental researches of the grain moisture content in the flow of microwaves have been presented. The functional 
relations of microwave signal attenuation and moisture, temperature, grain strain have been obtained. 
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BJIMARME CBY-13J1Y4EHMM HA MUSZHECIOCOBHOCThB HOPO.U 
PHBPHJIOB TYTOBOTO IWEJIKOMIP STA 


B.T’.U01ax6a30s, JI.M.denen, H.H.Topo6er, B.U.Kuiixo,t0.T.[kop6artos, B.A. pa6nua 
XapbKOBckHii rocyHuBepeurer, 310077, m1. Cao6on51,4 


AHHOTaUMaA 


JKV3HECTOCOOHOCTh NOpon x rHOpHyOB TyTOBOTO meTkonpsaara B 
SHAYMTCIbHOW 8 CTeneHH olpeyenser ux TIPORYKTHBHOCTb. Jina noBbimenna 
KU3HECNOCOOHOCTH pa3pabaTEIBaloTcA PasIMIHbie MeTOALI. [[popeneno uccmeqopanne 
BIMAHHA CBYU-y3nyaenua c aMHol BoE 8 MM (MJIOTHOCTB MOLIHOCTH H371y 4eHHA 
HO 100 mKBt/cm? )H JIMHOH BomHBI 2,29 CM (MJIOTHOCTE MOIJHOCTH HW31Y4eHHA TO 
30 mkBt/cm) Ha rpesy TyTOBOro IenkONpsAya. YCTaHOBMeHbI pexKHMBI o6y enna, 
AOCTOBEPHO NOBBIMIAIONIMe 2K U3HECIIOCOGHOCTE rycenuu. 


I. Baexenne 


MKu3Hecnoco6HOcTh nopoy x THOpHAOB TyTOBOrO ICIKONpAya ABJINCTCA MX 
BaxkHeHwWweH OCcOGeHHOCTbIO JIA MPaKTHYCCKOrO UICWIKOBOJCTBAa HU B 3HAYHTeNbHOi 
Mepe ONpeneiaeT PeHTAaOeMBHOCTh BLIKOPMOK rpeH@KHOrO mpou3BoycTBa. C 
HeIbIO MOBbILMICHHA 2KH3HECNOCOCOOHOCTH B LIENKOBOCTBE ye TaBHO MCMOMb3ywTcs 
MEXTIOPOAHbIC THOpHALI MH otpdext rerepo3uca rHOpvyoB nepBoro noxonennsa. OnHaKo 
KPOMC PeHeTHYCCKHX MCTOOB MOBBIeHHA %KU3HECNOCObHOCTH npeycTaBiaer HHTepec 
M3YYHTb BO3MOXKHOCTh NOBBIMeCHHA XKM3HECOCOOHOCTH menqkoNpsqa B mMepvHor 
SMOPHOHAIbHOrO pa3BHTHA NOcpencTBOM CBY-o6nyyenua. 


II. Ocnospnaag “act, 


Matepwanom jyia anHoro vccneqoBanua CHYKWIH NMOponbt berokoKounas-! 
(ANOHCKOTO NponcxoxneHuA ), Benoxoxonnas-2 ( xutaiicxoro MIPOWCXOXKAeCHHA ) H 
MOKMOPOFHbIe rHOpHALI Nepporo noKoneHus ( b-1 x B-2 uw B-2 x B-1 ). OOnyyenne 
MPOBOAMIIM TPH WWIHHAaX BOTH 8 MM u 2,29 cm. MonHoct, H31YYCHHA W3MeHAIN OT 10 
m0 100MKBt/cm?. Sxcno3nuna oOjyuenua 20 u 40 Munyt. Taxue P@KHMbI OOyueHna 
HOSBOUMIM BbIABUTb CTHMYIMPyIOllHe WM yrHeTaIOWHe NO3bI, BIMAIOWUMe Ha BbIXO u 
KUZHECIIOCOOHOCTE ryCeHHL pa3sHbIx TEeHOTHTIOB TYTOBOrO WeskONpaga (Ta6muua 1). 

M3 tTaOnmubl BHAMM, YTO npH oOnyyenun B MHJUIMMETPOBOM yHMala30He 
HOBbINMaeTCA BbIXO] ryceHuy cnaSoi nopomn B-|! (a0 150%), cHuxaetca BEIxon 
TYCCHH Y CHIBHOM Nopogpl B-2 ( qo 65% ), y rHOpua B-1 x B-2 Berxon ryCeHull Ha 
YPOBHE KOHTpoua, a y rMOpuna b-2 x b-1 - gocropepHo noppimaeres. IIpu o6nyyenun 
IMIT B caHTuMeTpoBom quana30He y nopogpi b-1 Bpixoy rycenuy cuwxKaetca no 5 - 
15%, y ruOpuga B-1 x B-2 coxpanserca na YPOBHE KOHTpola. Y noponp B-2 u 
ruOpuaa B-2 x B-1 Berxog rycenny HOCTOBEPpHO TOBbILNIaeTCH. 


INI. 3axmovenne 


Takum o6pa30m, oOnyyenve MpeHbi TYTOBOrO WlewKONpaga BCBYU-nqnana30ne 
NOSBOIMIO BbIABHTh 3pcekT CTMMyNAMH %KXU3HECTIOCOGOHOCTH ryceouy. Han6onee 
CYLICCTBCHHBIM B ITOM pa3zele paOorThl MbI CUHTaeM Pa3HULly B peakIMH pa3sHbIx NOpor 
HW M@KNOPOAHEIX rHOpuHAoB Ha OGnyyenne. Teneruueckye pa3iM4Ha npn oOmyyenun 
Imerkonpsyza IMI Bp CBY-nguana30ne no H3YUCHHEIM TOKa3aTeslaM paHee He 6bINH 
MOJLYYCHBI. 
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Ta6nuya 1. Bousnne OM-n3nyyennit pa3sHbix uacTOT Ha KM3HECTOCOGHOCTh TpeHbl H 
ryCeHHU TYTOBOTO WienKONpana 











Tenotunpl JiuMHa BOSIHE! QKCNO3 HUA BLIXOA ryCeHull 
] ___ | (% or kontpona 
8 MM 20 MH 148.54+3.3 
2.29CM 20 MHH 4,242.2 


2.29 CM | 40 MuH 12.5+1.8 













8 MM 65.2+2.1 
2.29 CM 102.1+1.9 
2.29 CM 135.442.3 

8 MM 106.34+2.2 
2.29 cm 98.3+1.4 
2.29 CM 98.6+1.2 

8 MM 145.442.4 
2.29 cM 207.5+41.7 





2.29 CM 235.141.7 





INFLUENCE OF MICROWAVE IRRADIATION ON VIABILITY 
OF STOCKS AND HYBRIDS OF SILKWORM 


Shakhbazov V.G., Chepel L.M., Gorobets N.N., Kiyko V.1., Grabina V.A. 
| Kharkov State University 
4 Svoboda Sq., Kharkov-310077, Ukraine 


Viability of stocks and hybrids of silkworm has a great influence on their productivity. To increase Viability many methods are 
developing. We investigated influence of microwave irradiation with wavelength of 8.0 mm (power of irradiaticn is 100 W/cm’) and 
wavelength of 2.29 cm (power of irradiation is 30uW/cm*) on the eggs of silkworm. The regimes of irradiation which increases 
viability of caterpillars are determined. Genetical differences in reaction to irradiation are of a great theoretical interest. It was 
revealed that for stock B-1 the higher stimulatory effect is observed at A4=8.0 mm, and for stock B-2 at 24=2.29 em. For hybrids 
stimulatory effect of irradiation was observed at the both lengths. The obtained data may be used in practical silkbreeding. 
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BJIMSHME MHUKPOBOJIE PAS IM4GHON NOJAPH3AUMH HA 
BHOJIOTHYUECKHE KAGECTBA CEMAH 


B.I ILlax6a30n, JI.M.4enen, H.H.Topo6en, B.U.Kuiixo, JI.M.Cuonnk, JU.@®.Kyaun, 
B.A.pa6una, 1O.T Dikop6aTos 
XapbKOBCKMH rocyHuBepcntert, 310077, XappKxos, rm1-CBo6ompi, 4 


AnHOTaliMEa 


IIpuBpogsatca pe3sylbTaTbI IKCIePHMeHTabHOTO M3yY4CHHA BIIMAHHA MHKPOBOIIH 
pa3IMYHOK NoONApH3ayMH Ha GuonornyeckHe OObeKTEI. MonenbHbiIMH OOBbeEKTAMH B 
SKCHEPHMCHTE ABIIANINCh CCMCHa Pa3IH4HbIX COPTOB NIMWEHHUbI, Paco MH AP. KyNbTyp. 
Bee onmM O67yuannch 3NeKTPOMarHHTHBIMH BONMHAaMH oaMHOH 2-9 cm. Tlnornocts 
NOTOKa MOWHOCTH W3iydeHHA CocTaBiana 20-100 MKBr/cm?, BpeMa” SKCIIOHMpPOBAaHHGS - 
20 -40 Mun. HanOonpmmii crumynupytommii scpdbext Wocruraetca pu AcHONmb3OBaHHH 
npaBow NoOnApw3anau oOmyyaiomero noma. Mexanv3mMbr Ha6miomaemMoro BAMAHHA 
aHaIH3HpyrOTCa C IPHBIICUeHHeM MpenCcTaBueHH COBPeMeHHOM reHeTHKH. 


I. Baenenue 


Boripoc © BO3MO%XHOCTH NOBbIMIeHHA %xKM3HeCTOCOGHOcTH (KCII) ceman 
CeIbCbKOXO3AHCTBCHHBIX KyJIbTyP TIPH NMOMOLM BHEINHHX u3HUeCKHX BO3TelCTBHI 
aBHO NPHBIeKaeT BHHMAHhe McCcenOBaTenel. 

Hamu 3TOT BOMpoc MCcHeAOBaIICA B CBA3H C reHeTHUeCKHMH pa3znuauaMHu IKCII 
COMAH, KOTOPbIC 3aBHCAT, B YACTHOCTH, OT CTremeHH HHOpuyMHra UM 3cptexTa rerepo3uca, 
a TakoKe BO3POCTa CeMAH - Cpoka xpaHenua. UccnegqoBanu cemeHa 9K30- WH 9HOTaMHbIx 
KYJIBTYp. 

II. Ochosnan yacT, 


M3 uvcia 9k30raMHbIX KYIbTYp HCCIeqOBaIM pa3zHble copta Jlyka HM MHHN PKU 
copta Mocxosckni kapnux. 3aqayeli uccneqoBaHua ObUIO BbINCHeEHHe BO3MOXKHOCTH 
CHMKCHHA ABTOCTCPHIIbHOCTH y WyKa HW PXKH MPH BIMAHMM 3NeCKTPOMATHUTHOrO oA 
(OMI) CBU-yuana3ona Ha ruHeveiH wu annpouelt. Tloxa3aHa BO3MOXKHOCTE pe3ko 
NOBbICHTb BbIXO], UMCTOJMHCHHBIX CEMAH IYTEM CAMOONBUICHHA. 

Bompoc 0 BO3MOXKHOCTH ynpaBeHHA THOM ONNOMOTBOpPeHUA Y NpeycTaBuTens 
SHHOraMHbix pacreHHu - dbacomm - nmpencrapiaeT npakTuyeckuii mM TeopeTHuecKuii 
HHTepec. 

/inua COuBeTHH Nyka, pxH MH CeMaH (aconM HCTOUHHKOM Ob6myyeHHA cHyKHT 
reHepaTOp MHKPOBONHOBOTO H3slyueHHA HeTeMIOBOH MHTeHCHBHOCTH. O6sy4enne 
MpOBOAMIOCh Ha JJUIMHE BOJIHbI 5.5 MM, skcno3HyHH S u 10 mMuHyT M MOLIHOCTH 
u3nyueHHa 50 MKBt/cm? . [Ipu stax ycnopuax o6syuenna HaGmomaeTcA W3MeHeHHA B 
COCTOAHHM MYXCKHX TaMeT y pacTeHHH PX, KOTOPbIe MPHBOAAT K 3HAYHTeNbHOMY 
YBCJIMYCHHEO 0 HOPMAIEHO CCPOPMAPOBABLUIHXCA 3CPHOBOK HM MOBbILIeHHE % OTKPbITOTO 
WBCTCHHA y pacTeHHH daconv, 4TO NpHBOAHT K MOBbILNeHHIO reTeporeHHOCTH 
MOnyIAWMH HW OrpaHHueHHio TOMO3HrOTHOCTH (Ta6n.1). Brarogapa nomyuenna 
OTKPBITOrO THHa IBCTCHHA MOJYYeH HOBbIA COPT OBOWHOK daconu Taigapckaa u pay 
HOBbIX KOHCTaHTHbIX (pOpM, koTOpbie 6yAyT NepezaHbi B COPTONCHbITaHHe. 

Bo BTopoii MONOBMHE WccNenOBaHMii cnheyMabHOe BHAMaHHe GbiO yaeneHO 
BbIACHCHMHO PeaKIHH Pa3HbIX COPTOB MMCHHIbI AH AYMCHA, KOTOPble pa3MUaIOTCA 10 
YPOXAHHOCTH, YCTOHYHBOCTbO kK HeOnNaronpvaAHHbIM (dbakTOpaM cpenbl, cpoKam 
XpaHeHHaA CeMaH Ha OOsy4eHHe CBY nomem cmM- quana30Ha, c yueTom NOWAPH3 aun. 
Mcrounwxom oOslyyenua cnyKua reHepaTop HeTenmoBoro w3ny4ueHua. OOmyuenne 
TIpOBOAMIIOCh Ha JJIMHE BOJIHbI 2.29 CM, MOWIHOCTb H3JIY4YeCHHA H3MeHAAacb OT 50 no 100 
MKBrt/cm?. 
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Ta6n. 1. BaasHue OMIT CBY- quana3ona Ha couBeTHA yKa WH pou MW CeMeHa chacomn 


Bapuantpi OFT Poxb Jlyk @Macoytb 
‘/) 3CPHOBOK . Yo peasIbHO Yo 
3aBA3bIBAHHA MONY4CHHBIX CCEMAH | OTKPbITOLBeTYINHX 
7 ee | | LIBCTOB 
Koutpompuypre =| ———_—3.6940.42 2.9340.13 | 1.75+0.11 











CBU: 


A=5.5 MM, t=SMHE. 14.05:+0.96 5.35+0.27 - 
A=5.5 mm, t=10muH. 


| _-7.68+0.69 «| ——_—6..7740.29 3.21+0.21 
M=2.24eM. . 6.23+0.29 


B onpitax Opin HCnONL30BaHbI 10 copros O3MMOK NUIeEHHUbI MH 7 COpTOB AYMeHA 
1989r. uw 1982r. ypoxaa COOTBETCTBeEHHO. 

B pe3yllbTate MpoBeyeHHoro HCcnenoOBaHHA ObiM yCTaHOBJeHbI 3HAYUHTeNbHbIC 
pa3IH4uHA B PpeaKTHBHOCTH CeMAH. Y HeKOTOPbIX COPTOB MIICHHibl H AYMeHA TOD 
BivaHHem CBY o6syyenna HaOmonaetTcs CHwKeHHe % BCXOXKECTH, y APyrHxX COPTOB - 
SHA4HTCNIbHad CTUMYJIALMA. 

/\a ciyyaeB MIMCHHIbI MH AYMeCHA DIMTeMbHOTO CpOKa xpaHeHHA yCTaHOBsIeHa 
BO3MOXKKHOCTb FOBbILICHHA BCXOXKECTH CeMIH MIpH HeKOTOPbIX pexnmMax CBY- 
o6myyenua (oT 18 0 50%). | 

CpaBuenne sexton oOslyyenua Np WpaBow, WeBol u IHHeMHOH NONApH3annH 
Ha CeMeHaX pa3JIMYHbIX COPTOB MLICHHIbl! WH AYMeCHA MO3BONMIIO YyCTaHOBHTb 
S3HA4HTCIbBHOC pa3IM4HA, 3aBHCAWIHe OT Halpapienua monapu3aunu. Dddext 
CTHMYJIAIMM Ha Mpopactanne CeMsaH HaoOAanu Np npaBok nonapu3aynun (Ta6m.2). 


TaOm.2. Peakijua pa3HbIX COpTOB MIUCHHUbI HW A4YMeHA Ha yelicraue OMIT CBU- 
yMana30Ha | 


Copta Bapuant el | Bapwant | [Ipupoct, 
NUWeHHIbI NOWApu3alluU % OT K AUMCHA NOUWAPH3alHH % oT K 
be3ocras |-st mpaBas 113.4+2.6 wMHenHaA 119.3+2.6 

AeBaA _ 99.442.7 
JItoTecieHc mpaBaa | 113.442.4 mMHenHan 67.6143.3 
Tapacosckaa 121.142.2 | nHHeiHasa 100 
29 NeBas 82.0+2.6 
lonmuuna nmpapas 95.5+2.7 X-74 nMHeiHaK 
Ge30ctaa nepas 93.5+].9 
mpasax 148.5+2.9 | UWepHomoper 
eBaA 95.6+2.4 
Cnaptanka mpapaa | 154.4+1.8 ONbrHHa WHHeMHAaA 138.643.5 
— JieBan 88 .9+2. 1 
36 TeBas 107.3+2.2 
lOGunelinasa mpapaa 133.443.3 
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150.342.2 







JIMHeEMHAR- -| =79,5+2.7 





JIMHeHHAaA 118.2+2.4 











amo denne 


B caa3u c OOcyKaeHMeM CIOKHOTO BOTIpOca O MexaHH3Max BIIMAHHA OMIT 
pa3HOH MOAPH3alMH aBTOPbl YKa3bIBalOT Ha BeCpOATHOe 3HaYeHHe npaBoii 
NOWAPH3ayMu CIMpPabHOK CTPYKTypbI MOUIeKys HATHBHOK JIHK. 3Hayenue MonekKysIbl 
AHK 8B xpaneHHM MM pealM3alMu HacieCTBeHHbIX Mpv3HakOB v3BeCTHO. M3pectHa 
Take snekTpwyeckad Nonspn3auna JLHK B HaTHBHOM COCTOsHHH. Bo3MOxHO MpaBasd 
NONAPH3alMA CHMpanbHoOw crpyKTypp! JLHK uw onpegenset Sonpuryto acpdbeKTHBHOCTh 
BHeitHero CBY-o6syuenua paso nonapu3auua. Sta runore3a TpeOyer AanbHeiue;i 
NpOBepKH. 

Pe3yiIbTaTbI MPOBeCHHbIX HCCIeHOBAaHHH MOLryT ObITb HCIOUb3OBaHbI B 
NpHKWaHHbix HCCHeCAOBAHHAX MO CTHMYJIAWUHH MpopacraHun ocma6MeHHbIX CeMAH C.-x. 
KYJIbBTyp C YUeCTOM HX TeHOTHNA, BO3PACTa, a TakxKe NOMApH3ayHN CBU-o6nyyuenna. 


INFLUENCE OF THE MICROWAVES OF DIFFERENT POLARIZATION 
ON BIOLOGICAL QUALITY OF SEEDS 
Shakhbazov V.G., Chepel L.M., Gorobets N.N., Kiyko V.I., 
Snopik L.M., Kutchin L.F., Grabina V.A., Shkorbatov Yu.G. 
Kharkov State University, 4 Svoboda Sq., Kharkov-310077, Ukraine 


Results of experimental investigations of biologic effects of different polarization microwaves are presented. Seeds of various 
cultivars of wheat, barley, carrot and harricot were used as a convenient model objects in our investigations. These seeds were 
irradiated with electromagnetic waves with the length of 2-9 cm. The power of irradiation was 20-100 W/cm’, the exposion was 20- 
40 min. The most high simutating effect of irradiation of the right polarization on germination of seeds of agricultural plants has been 
shown. In interpritation of experimental data the latest results of genetic were used. 
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BIMSHME KBU-M3JiyY GQEBME HA SHEPPETMUYECKOE COCTORHHE SREP 
KJIETOK GEJIOBEKA 


[Uikxop6aros 1O.T.,[1ax6a308 B.T., puroppesa H.H.,pa6una B.A.,borocnascxui A.M. 
XapbKOBCKHH rocywapcTBeHHbIi yHuBepeurer, HUM Ouonoruu 


AHHOTAaln® 


Miccnenonpali BIMAHHE MUKpOBONHOBOrO OONyyeHHA Ha COCTOMHMe KJICTOK 
6ykKaNbHOrO omuTenua uenoBeKa. Jina OOwyueHHA KIIeTOK in vitro HCNHOUb3OBaNu 
npu6op ana KBU-trepannu Sspb-1, WawoulM sieKTPOMarHHTHOe H3IyYeHHU C WIHHOK 
BOJIHbI 7,1 MM M MOWHOCTHIO Nagawujero noToKa 0,2 MBr/cm?. C nomombio mMeTora 
BHYTPHKIICTOUHOTO MUKpOsMeKTpodopesa, paspaSoTaHHorO Ha kadbeaspe reHeTHKu 
XITY, uccneqopann gieKTpoknHeTMYecKHe CBOMCTBa KNeCTOUHBIX sep. Onpenenanu 
TakKe CTeleHb KOH]eCHCalun XpoOMaTHHa ¢ MOMOUIbIO yueTa rpaHysi 
rerepOxpOMaTHHa. Tioka3aHo, 4TO oOjryyeHHe BbISLIBAaeT CHHKEHHE 
ameKTpopopeTHuyeckoni NOABHKHOCTH sep u yBeIMueHHe cTeneHn 
reTepOxpOMaTHHH3aMH. BbistBieHbl HHOMBHAyaIbHbie pa3syIHuHA B peakUHW Ha 
o6myyenne. TlomyyenHpre pe3synbTaTbr oOcyxKqaIoTCH B CBA3H C POJIbIO 
G6NOSICKTPHYECKHX CBOHCTB Aep B peryNAUMH MX PYHKWHOHATLHOUW AKTHBHOCTH. 


I. Baenenne 


MukpopomHoOBoe M3yueHHe ABIAeTCR (akKTOPOM, BIMAIOWIMM Ha MHOTHe 
nokazaTenuH (PyHKUMOHAIbHOrO COCTOAHMA OpraHv3Ma yenoBeKa, npeycTapiiaa coOon, 
C OHO CTOPOHHI, yrpO3y Jif 340POBbA, a C APyroi - ABUIAACh NeYeOHLIM (akTOPOM. 

MuxpopomHopoe oOnyyenHe OKa3bipaeT BJIMAHHe Ha Ppa3JIMYHbIe CTOPOHBI 
KUBHETCATEIIbHOCTH KICTKH, BIIMAA HA CBOMCTBA KNCTOUHBIX MeMOpaH [1], AKTHBHOCTb 
pama depmMeHTos uM TpaHcKpununn [2], H3MeHad pa3MepbI TypoB B THTraHTCKHX 
xpomocomax [3]. 

Vimerotca jaHHbie O cmocoOcTBOBaHHH MUKPOBOJIHOBOK paaqnalyun 
o6pa30BaHHiO §=6pakoBbiIx onyxouel [4], ofHakO pamMoro MyTareHHOroO 93cpdpexta 
MHKPOBONH He OGHapyxeHo [5]. Bce 3TO yka3biBaeT Ha TO, 4YTO NOX WekKcTBHeM 
MHKPOBOJIHOBOTO H3IyYCHHA W3MCHAIOTCA MIpPOLWecchl peryallMH TeHOMa,. a He 
MIPOHCXOMT HEMOCpeACTBEHHbIX HapyLIeHHH ero CTPyKTypbl. 

B gaHHow paSote MbI HCCTeqOBa1N BIWAHHE MHKPOBONHOBOTO OOJyYeHHA Ha 
KNeTOUHOe APO MO AByM MapaMmerpaM - MO H3MeCHeEHHIO OMOSIEKTPHYECKHX CBOHCTB 
KJICTOUHBIX AZlep, C MOMOMbIO MeTORa, paspaOoTaHHOrO Ha Kacbeype TeHeTHKH U 
wuronoruu XIY [5] w no mapametpy cogepxKanua B MHTepPa3sHEIx salpax 
reTepOXPOMATHHOBEIX rpaHyJI C NOMOLIbIO MCTO]a OKpallMBaHHA alleTOKAPMHHOM. 

ONeKTPHYeCKHE CBOHCTBA KMeCTOUHbIX Aep MpeCTaBAIOT COOOK MOKa3aTesb, 
CBI3aHHbIM C MpoleccaMu peryJIAWHH AKTHBHOCTH KJIeETOUHOTO anpa [6]. Y uenopexa 
39TOT NOKa3aTeIb H3MCHACTCA C BO3PaCTOM H 34BHCHT OT COCTOAHHA OpraHy3Ma, 
CHYKadCh IPH pa3uiH4HbIx 3a60neBaHHAX HM YTOMIICHHH [6]. 


Il. OcHospuwasd 4acTb 


B HacTOALNMX 9KCIePHMeHTaX MCMONb3OBaNK KeTKH OyKKaJIbHOrO 3NMTeNMA 5 
JIOHOPOB 2KeHCKOrO Tosa pa3smH4HOTO Bospacta. Jlonop A - 6 yleT, WOHOp B - 25 ner, 
nouop C - 25 net, nonop D - 36 net, Honop E - 19 ner. Kuterku nomeiiaiu B pacTBOp 
cnenyrouero coctasa: 3,03 mM dochatuprii Sypep (pH=7,0) c noGapmenuem 2,89 mM 
xopuaa kanbuna. Knerku uccneqoBasin B NOCKOM KaMepe Id MUKposeKTpodope3a 
np HanpsKexnn 15 B/cm uw Toxe 100 MkA. B 93THx ycnoBHAX apa 4YaCTH KMeTOK 
cmMemujalacb K aHOmy, Apa Apyro uacTH He NpOABIANH SNeKTpHuecKOrO 3apsAza. 
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[TpoueHTHoe comepxKaHne KNeTOK C OTPHLATebHO 3apsMKCHHbIMH AQPAaMU oOllpeyensanu 
Kak 3IEKTPOOTPHUAaTeNbHOCTH anep (DOF). 

OueHKy COCTOAHMA TreTepOxpOMaTHHa B Apax MPOK3BOAHIIH C MOMOIIIbiIO 
OKpaliMBaHHaA KICTOK alleTOKapMHHOM. MBI y4HTbIBaH HaluuHe B sa—pe 
TreTePpOXPOMATHHOBbIX TpaHyll BCeX pa3MePpOB, WOKaNH30BaHHbIX BONK3H O6ONOUKK 
agpa. Ilpouent agep, comepxalHx rpanynbl rerepoxpoMaTHHa ompemenamu Kak 
noka3aTeib MpAMeMOpaHHoro rerepoxpomaTuua (IIT %). 

/lia oOslyueHHaA KNeTOK in vitro ucnonb30Bann mpuOop mia KBU-repanun 
ABb-1, Walouui seKTPOMarHATHOE W3TYUeHHH C WIMHOM BONHbI 7,1 MM MW MOLIHOCTbIO 
nawaroujero noToKa 0,2 MBt/cm. Bo Bcex skcnepHMeHTax W3y4yeHHe QOS un oKpalu- 
BaHHe KJICTOK alleTOKaPMHHOM MpOw3BONMIH Yepe3 5 MHHYT MOcHe OOMy4eHUH KeETOK. 

CormacHO HallwM aHHbIM, MHKPOBONHOBOe H3yYeHHe BbI3bIBaeT 
3HAYMTCIBHOe? CHYDKEHHE NOKa3aTema OOA B kneTKax GombUIMHCTBa HOHOpOR (A, C, 
D) yxe NpH MHHMMAaJIbHOW gkKcnO3HuHMH | cex. (Ta6n.1). Yeennuenue sxcno3nunH 
mo 15 cexkyH MpHBOAWIO K 3HA4MTeENbHOMY CHWKCHHIO MOKa3aTena y BoHOpa A, 
WabHeliliee yReIMYeHMEe SKCNO3HUHM HE NPHBOAMO kK CHHXKeEHHIO DOA. Y nonopa B ue 
HaOmoalOch AOCTOBEPHbIX H3MeHeHH SOA nog Biuanvem OOmyyenua, XOTA MMeTaCch 
TCHLCHUMA K NOBbILNeEHHIO DOA. 


Tadnmya |. Buusnue oOmyyenna keTOK Ha Noka3aTenb DOA 
OKcCHO3HIHA, CeK Jlonop D 

| 37.8428 |  59,5+2.7 70.342.8 |  75.7+2.7 
54.9+5.6 51.343.9 
52.145.5 49.3+4.0 
64.9+4,3 













5 
15 
30 | 24.843.0 | 68.8445 | 49.826.6 | 61.542.0 
__55,541.7 


Mbl w3yuanH TakoxKe BPeCMeCHHYIO 34BHCHMOCTb W3MeHeHHA MOKa3atTena DOA oT 
nepvHoya nocne oGmyyerua y WoHOpa E (Ta6n.2). Oxa3anoch, To acbdextT o6myyennsa 
pakTHu¥ecKH HE 34BHCHT OT BPeMeHH Nocne OOnyyeHua BIpemenax OT 5 Wo 55 MUH. 












Ta6Onuna 2. SOK B pa3nH4Hble nepvonb nocne o6m 
Bpema mocie Bo3z.eHcTBUA, 


YCHHA KIICTOK 





66.0+3.5 


5 | 56.9+4.9 
15 58.3+2.8 
25 52,443.7 _ 


35 53.444.4 
| 53.1445 


| 58.0+4.1 


Jina HOHOpos A, C, D, E noxa3atenu SOA Onn3Ku kK WaHHbIM, XApaKTepHbIM 
WIA WaHHOTO BO3pacTa, WIA HOHOpa B noKxa3atTenb DOA HuxKe BO3pacTHOH HOPMBI. 
TakuiM O6pa30M, MHKpOBONHOBOe OOsIyueHHe CHwxKaeT DOA y Tex MOHOpOB,  y 
KOTOpbIX JOA COOTBETCTBYeT BO3PacTHOH HOpMe, HO He CHHXKaeT DOA B TOM cay4yae, 
Korma QOA cHuxKeHa 3a CUCT YXYMUICHHA COCTOAHUA OpraHH3Ma. 

Mb momaraemM, 4TO W3MeCHeEHHeE 3JIEKTPOKHHETHUCCKHX CBOHCTB KIICTOUHbIX 
alep CBAZAHO C H3MeHeEHHeM (yYHKUMOHAIbHOM aAKTHBHOCTH KIICTOUHBIX sanep. IIpu 
39TOM, 4M BbILUe YPOBCHb OHOCHHTeTHYeCKHX NpOLeccoB B KJIeTKe, TEM BbILIe HW 3apaAy 
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spa B KWeTKe, H3MepseMbIii Kak C MOMOLIbIO MeTORRKH BHYTPHKICTOYHOTO 
MHKpOZTeKTpodopesa, Tak HW C MOMOIbIO TpawvliHOHHbIX MeTOMOB 
MUKpoaneKTpodopesa [6]. 

PesyIbTaTEl HalWHX SKCMePUMeHTOB CBHJETENBCTBYIOT, UTO Tocne OOny4eHNA 
MMKPOBOJIHAMH 3HaY4TeMbHO yBemuuMBaetca % sanep ¢ mpHMemMOpaHHbiM 
rerepoxpomaTuHHom (IiI%), To ecrb HaOmomaetca KOBCHCALMA XpOMaTHHA (Ta6n.3). 
VoKe MHHMManbuas akcno3nuns (1 cexyHia) BEIsbIBaeT JOcTOBepHoe nopbiittenne IIT, 
5- 4 15-cekyHHHbIe€ IKCHO3HUKM NPHBOAAT K elle OonbINeMy BOSpacTaHMlO NOKAa3zaTCIA, 
ylanbHelimee nOBbUMeHHe 9KCNO3HUMH BEIe 15 CeKyH He COMpOBOMKTAeTca 
Bpo3pactannem IT. 


Ta6nuua 3. Jleiicrsue oOnyyenua Ha noKa3zaTemb HI 


















































OKcno3HlHsg, Jlonop A Tlouop B “FlonwopC | JlonopD 
CeK. 

0 | 78.141.7 | 76.8418 75142.0 | _ 78.0+1.6 

dl $3.0+2.9 85.4+1.4 77.8+1.4 84,8+2.3 

5 [79.6421 | 88.641.8 77.941.6 |  91.341.1 

-84.942.0 | — 83.5+9.6 81.241.8 |  96.840.6 

30 86.441.6 | — 81.9+0.9 84.440.7 |  90.140.9 

60 84.0+1.5 | 84.941.2 85.2+1.2 | _90.4+1.3 


JlocropepHOro BIIMAHHA MHKPOBONHOBOTO OOITYYeHHR Ha MPOHHUAaeCMOCTb MeMOpaH 
KeTOK HaMH OGHapyxeHO He Opino. Takum o6pa30m, B HalllemM ciyyae HaOmORaNOcb 
HEMOCPeJICTBeHHOe YBeNMYeHHe CTeNeCHH YTeTepOXPOMATHHU3alIMH XpOMAaTHHa HOA 
BIIMAHHEM MWJUIHMeTPOBOrTO OOIYYeHHA. 


Ii. 3axmovenne 


Mbpl nonaraeM, 4TO KOHeCHCallHa XPOMATHHA B HallMxX IKCNCPHMCHTaXx CBA3aHAa 
C YMeHbINeHHeM OGUerO OTPHUATeNbHOTO 3apaga HYKMCONMPOTCHHOBbIX KOMIIJICKCOB, 
YTO COMPOBOXKLaeTcA CHMMKEHHEM OOMIETO OTPUUATeMbHOTO 3apsata Apa. Bompoc o 
(yHKUMOHAIbHOM 3HaYeHHH HaOmiOmaeMbIx W3MeHeHHE TpeOyeT WasibHenuiero 
ccnenopaHna. Ha OcHOBaHHH JaHHbIX O CBA3M 3apswa Aep C aKTHBHOCTbIO 
GNOCHHTETHYCCKHX MpOWeCcOB B Ape WM WaHHbIMM O TIOHWKCHHOM (yHKUWHOHAaIIbHOK 
AKTHBHOCTM reTepXPOMATHHOBBIX YYACTKOB MOXKHO MpeANONOKUTS, ATO OOmyyeHHe 
MHKPOBOJIHaMH BISbIBaeT MOHMKEHME PYHKUHOHAIbHOM AKTHBHOCTH AEP. 

TionyyeHubie HaMH WaHHbie O6 HMHAMBYAyabHOW peakKiMH AOHOpOB Ha 
o6myuenne no moKxa3atenio OOH moryT ObiTb HCMONb3OBaHbI, MpH anbHeiier 
pa3spa6oTkKe aHHOro § BOMpoca, kak OKH H3 KpHTepHes 3cdeKTHBHOCTH 
MHKPOBONHOBOH TepanlHH lip HasHayeHHHN PU3sKOTepaneBTM4eCKUX MpOnenyp. 


IV. Cnneor sureparyppl 


1.Semozy Z., Thuwery G., Kubasova T., Bognar G. //J.Cell Biol., v.55, Suppl., 
No34, 1991, p.31 | 7 

2. Buis C.V., Kartan K, Pieper S., Adey W.R. // Cancer Res., v.48, 1988, p.4222-4226. 

3. Koschmitzke C., Kremer F., Santo L., Guick P., Poglitsch A. / Z. 
Naturforsch., Bd. 38c, 1983, $.883-886. 

4. Cleary S.F., Lui Li-Ming, Merchant R.E. // Radiat. Res.,v.121,No1,1990, p.38-45. 

5. Ilax6a308 B.., Komnynaesa T.B. Ha6oxos A.JI. // Jla6opatopHoe jen0 No7, 
1986, p.404-406. 

6. Ixop6ator 1O.T., Ulax6a30z B.T. // Ycnexu coppemenHoii Ononorun T. | 12, No 
4, 1992, p.499-S11. 


4 6 8 Marepuaant 6-1 Meaaynapoanoit Reemcnoht “uxponoauonolt Aonpepenyan AesrAeReG6. 16-19 cenra6pa 1996 r., Cenacronoas, Kppm, Yxpanva 
Proceedings of 6th International Gecmean rAecrowave Conference GzerHd(Js'96. 16-19 September 1996, Sevastapol, Crimea, Ukraine 








MUAKPOBONHOBOK PADMOMETPHYECKUN 
METO U3MEPEHMA TEMMEPATYPbI 
- PACNNABNEHHOPO METASINA. PE3YJIBTATbI 
SKCNEPUMEHTANbHbIX ACCNEDOBAHMK 


Bparut V.B., Cru6xes B.., Bparnk C.V., Kentuxos V.A., Bparuna t0.B. 
Oco6oe KoHncmpyxmopcexoe bropo Mockoeckozo SHepezemuyeckozo Vcmumyma 
2.Mocxea 1771250 Kpacnoxka3zapmMennan 14 
qbaxc: (095)3625576, men.: (095)2734001 
Muxaunos B.®. 

C.flemep6ype 190000, TocydapcmeeunHaa Akademua 
aapoKocmuyecKoz2o NnpubBopocmpoexus, Mopcxkas, 67 
dake: (812)3157778, mer..: (812)2107036 
Anexcees A.T. 

K& “tOxKHoe” 320000, 2.fHenponempoeck, yn.Kpueopoxckad 0.1 
men. (056)29933-09, dake: (056)2925041 


AHHomauusa - PaCCMaTPUBaeTCA KOHTAKTHbI pagqvoMeTPKYeCKHiA MeTOA V3aMepeHNA TemNepatypbt, OCHORAHHbIN Ha 
M3MepeHuAX LIYMOBOM TeMNepatypbl @AHTEHHOTO OKHa, pa3sMeLeHHOrO B dbyTepoaKke meTannypruyeckoro arperata. 


PaccMaTpMBaloTcA WCTOYHUKM NOFPewWHOCTU ONpeAeneHuA Temnepatypb! pacnnasneHHoro meTanna. Mpusexedb! pesynbTatel 
SKCNePMMeHTAa. 


|. BBengeHne 


B HacTonujee BpemaA HavGonee pacnpocTpaHeHHbim cnoco6om yamepeHuA Temnepatyppi 
pacnnaBNneHHOW CTanv ABNAWTCA TepMonapb! C VCNOMb30BAHNEM PA3NUYHbIX KOHCTPYKMA TepmMonpeobpa3o- 
BaTrenev. AnbTepHaTMBHbIM cnoco6om w3mMepeHvA TeMMepaTypbl ABNAeTCA paguomeTpuyecKu. MeTog 
OCHOB@H Ha U3MePeHAM MUKPOBONHOBOrO LUYMOBOrO V3nyYeHHA Harpetoro KepaMUYeCKOrO AHTeHHOFO OKHAa, 
HaxomAluerocaA B COMpUKOCHOBeHuW c meTannom. Alpegnaraembli MeTOA SKOHOMMUHEe TPaAMLVOHHbIX 
MeTOAOR V3MepeHyA UM NO3BONAeT NPON3SBOAMTb HENpepbiBHbie M3MePeHUA B TeYeHMe NMaBKU. 


il. OCHOBHAA YacTE 


CyTb MeTOga 3akmiOuaeTCA B CNeAYIOLUEM: B KOHTaKT C pacnnaBneHHbiM MeTannom, HaxonAleMcs B 
M&PTEHe, BBOAAT @HTEHHy C TeENNO3aLWIWTHbIM OOTeKaTeNneM, V3rOTOBNeHHbIM M3 CNeEWUWaNbHOW KepaMUKU Ha 
OcHOBe HuTpuAa Gopa, UW pacnonoxeHHOM B BOACOXxNaxKgaemMol dypme. LiiyMoBom cBepxBEICOKO“ACTOTHbIN 
curHan, reHepvpyembiIN HarpeToM YacTbtO AHTeEHHOM BCTAaBKM, Yepe3s AHTeHHY MW NMepexonHOW Ka6enb, 
PacnonomKeHHbIM BHYTPY CypMbI, NocTynaeT Ha BXOA pagvomeTpUuYeCKorO NPVeMHMKa, HANPAKeHNe Ha BbIXOLe 
KOTOPOrO NMPONOPL|MOHAaNIbHO USMepHeMOU TeMnepatype. Metog wu o6opygoBaHve nosBonAHT NpoBOAMTb 
HenpepbiBHble U3MEpeHUA Temnepatypbl pacnnaBneHHoro metanna. V3meputenbHaa ycTaHOBKa NpviBefeHa Ha 
pucyHke 1. AHTeHHa BbINONHeHa B BYAe NoNyBeonHoBoro BUuOpaTopa, HarpyxXeHHOrO Ha MornowalouwMi 
oOTeKaTeb, U3FOTOBNeHHbIA U3 KepamuKn. Kepamvyeckaa Harpy3ka BbINONHeHa B BUDE 3ALUMTHOFO KOKyXa U3 
HuTpHAa Sopa (BN) # nornouwjaroulMx BTyNOK v3 KepamuKu BN+SiC. JadHbie maTepvanbt obnagaloT BbICOKOM 
XUMUYECKOK CTOMKOCTbIO K LUMaKaM MW pacrinaBy MeTanna, a TaKKe BbICOKOM TemnepaTypoi nnaBneHua Gonee 
3000°C. ApwHiun paSotbt ycTaHOBKU CCHOBaH Ha V3MEPeHUU MUKPOBONHOBOrO U3NyYeHUA OT HarpeTo YacTu 
@HTEHHbI, CONpPVKaCalOlWevicA C pacninaBneHHbIM MeTannoM. OHO NpvHvmaeTcA paynomeTpuyeckum 


NPYEMHMKOM, BbIXOgHoe HanpaArKeHve KOTOPOrO NPONOpYMoHaNbHO TepMO_MHAMUMYeCKON Temnepatype NM MOxKeT 
ObiITb NPeACTABNeHO B BULE BbIPAKeHUA: 


Pe kAf (1 ~ TP) Tdy(x) exp [roar ax , 


rye k - MOocTOAHHaA Bonbumana; T - KoscpdbuuweHT oTpaxkeHuA OT BXOGa AHTeHHb!; Af - nonoca nepegaun: 
Tp(!) - Temnepatypa B aHTeHHe; Y(I) - KoacbcDULMEHT NOMNoWeHUA B AHTeHHE: | - onuHa OOTeKxaTena. 

CyMMaPpHbIM WYMOBOU MUKDOBONHOBbIA CurHan OT AHTEHHbI MW NepexogAHOorO KOaKCManbHoro Kabens 
noctynaeT Ha BXOA pagvometTpuueckoro NpvemHuKa. Mpu stom nocne KanuOposKw NnpvemHuKa, TpakTa uv 
AHTCHHbI HANPAPKEHNe Ha BbIXOAe BTOFO NPKEMHUKA CTAHOBUTCA NPONOPLIVOHANbHbIM TepMoAMHamnyeckon 
Temnepatype pacnaBneHHoro MeTanina. BbipaxkeHve ANA WYMOBOM TeMnepatypbt MO AaHHbIM O LWYMOBO 
MOLIHOCTH Ha BbIXOfe AHTeEHHO-cbugepHoro TpaktTa: 
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Las ( | Pn Natta + Ty(1~ the) + (1 - ’) | 


roe To - Temnepatypa BonHoBOAOB; na - KTif] aHTeHHb!; nin, Mo - KOSdcbuuMeHTE! Mepepaun ropaAuMx U 
XONOAHBIX YUACTKOB COeAMHAIOWerO BONHOBROAA. 

QuwmSka u3MepeHva Temnepatypbt pacnnasBnexHoro MetTanna OOfycnoBneHa HEOLHOPOAHbIM HarpeBom 
o6tekaTena wv MOrnolueHvemM MUKPOBONHOBOrO CvrHana B XONOAHOM YacTM AHTeHHbI. OTy OCLUWUBKY MOXKHO 
YM@HbUIUTb 3a CHET U3MEPEHUM MOLWHOCTH WYMOBOrO CYrHala UW BXODHOrO UMieA@akca AKTeHHbt OKHA ANA BBYX 
YaCcTOT. 

UcnibitaHun npopogvnich Ha AO “CeBpepctanb” B nepvog c VIOHA NO peKabpb 1995 r. BpemeHHasz 
3aBUCMMOCTb TemMnepatypbl pacnnaBneHHoro MeTanna ANA OfHOrO U3 SKCNepUMeHTOB Np“BeneHa Ha puc.2. U3 
MONYYEHHbIX Pe3yMbTATOB BYOHO, YTO CYLUECTBYIOT xXOpoWwMe cosNafeHus, B TeYeHVYe BCeA NNaBKu, 
DaNMVOMeTPUYeCKUX W3MEPeHWA C TepMonapHbImMu. BugHbl XapakTepHble W3MEHEHUA TeMNepaTtypb! Mmpu 
BH@LUHEM BO3MeVCTBAM Ha BaHHy Cc pacnnasom. TlonyueHHsi%A pa3s6poc Temnepatyp OObBACHAeTCA 
NPOCTDAHCTBEHHbIM Pa3HOCOM B NEYW TepMonapHon annapartypbl 4 pahvomeTpuyeckou. 

QKCNEPUMEHTaslbHble HCCNeAOBaHUA NO U3MepeHHtO TemNepatypb! pacnnaBa B CTanennaBuinbHOoM 
arperaTe B MeTAMNypruyeckomM Wexe NMOATBEPAVNW BO3MOXHOCTbh MHOFOKDaTHbIX U3MepeHN Gea fMoTEepn 
TOUHOCTH. VsMmepeHur Moka3sanu, YTO YCTaHOBKa NO3SBONAECT H3MeEDATb Temnepatypy pacnnasneHHoro MeTanna 
C OLMGKOU He xyKe, 4YeM 2 K B UHTepBane Temnepatyp 1200-1700°C. 


lli. 3axnioueHne 


MpopegeHHble UCMbITaHVA MOKa3aNW BO3MOXKHOCTb HeMpepbiIBHOrO VW3sMepeHiA TeMmMnepatypb! 
pacnnaBneHHoro MeTanna pafVMOomMeTpNYeCKMM MeTOAOM B TeYeHNe NNaBKi. CpesHekBagpatuyueckan oumbKa 
UsmMepeHnA Temnepatypb! pacnnaBneHHoro MeTanna He NpeBbicuna 0,/7°C. Pas6poc 3sHayeHHu TemnepatTyppst, 
V3MEPeHHO PaQnOMeTPUYeCKON YCTAHOBKOU OTHOCUTENbHO VU3MepeHNY, NDOBEAECHHbIX NPY MoMouWM Tepmonap, 
He npeBbilwiae4rt 6 °C. 


MICROWAVE RADIOMETRIC METHOD OF MEASUREMENT OF A MELTED METAL 
TEMPERATURE. RESULTS OF EXPERIMENTAL RESEARCHES 


Bragin 1.V., Sgibnev V.P., Maslov S.E., Bragin S.1., Maslova N.S., Zheltikov I.A., Kuznetsov D.Yu. 
Special Design Office of Moscow Power Engineering Institute 
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tel. (095) 2734007, fax (095) 3625576 

Mikhailov V.F. 
Academy of Aerospace Instrumentation, 67 Morskaya St., St.Pefersburg-190000, Russia 

tel. (812) 2107036, fax (872) 3157778 

Alekseev A.T. 
Design Office “Yuzhnoye”, 1 Krivorozhskaya St., Dniepropetrovsk-320000, Ukraine 
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The contact radiometric method of temperature measurement based on the measurement of noise temperature of antenna frame 
located in the lining of metallurgic agregate is covered in this paper. The sources of errors of melted metal temperature 
determination are discovered. The results of the experiment are given. 
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YcraHosKka JU WIMepeHHA TEMMeparypal WMHTKOTO MeTAINA 
NOD, CHOeM WWiaka. 
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I - KoHBEprTep, 2 - pacaBICHHBI MeTa, UUIaK, 3 - TepMO30HL, 4 - aHTeHHO- 
dbunepHoe ycrpolicrso, 5 - ycTraHoBka Jf pomysKu KucnopogoM, 6 - 
paMOMerpHaecKH MmpHemHHK, 7 - McTOUHMK nuranva, 8 - perucrpupyronice 
yCTpolicTRo, 9 - NyBT ynpaBneHnHa. 

Puc. 1 


BpeMeHas 34BHCHMOCTb TeEMIeparyphl paciwiaBleHHOro MeTamia. 
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AxHomauus - Mpeactapnenb! pesynbTatb! paspaGoTkm mpvuGopoB onepaTMBHoro KOHTPONA yPOBHA pacnnaBa B 
KOHBEpTepHOM MpovsBopcTBe WU yCTaHOBKaX pa3nvMBa cTanv, MosBonsioulMe oOecneumTh cTaOunbHoe nmonyyeHHe 
BbICOKOKAYUECTBEHHOrO MeTarna. PaccMOTpeHb! NPEVMYWWECTBa MCNONb30BaHUNA paflapa C HAHOCeKYVHAHbIMA MMMyNbcaMy ANA 
V2MEDEHUA MalbIX PACCTOAHUA NO CpaBHEHMiO C pafapamu, WCNoN_syroWwMMy HenpepsisHbld YM curHan. B pesynbTate 
UCMbITaHM MaKeTHBIX OOpa3yoB TOYHOTO paAMONOKAalMOHHOTO V3MeDHITeNIA paCcTOAHHA AO OTparxkalouleh NOBepxXHOCcTH 
NOATBEDKAeHa BOSMOXHOCTh U3MEPEHNA YPOBHA pacninaBa Co cpeAkeKBaApaTHYecKoN OLIMOKON 1-3 CM. 


l. BBepenue 


B mpoexTmpyemMom KOMMNeKce, BKTMOYaOLIeEM TakoKe paguometTpbl ANA u3smMepeHuvn Temnepatypb! 
pacninaBa, CAMOCTOATeNbHOe 3HayeHNe UMeET CO3MaHVe BbICOKOTOUHLIX M3MepUuTeNnev YPOBHA pacrinaBa. 
Vcnonb3soBaHve TakUx v3MepuTeneld no3sBonAeT o6ecneyvTb HeENPepbiBHbIA KOHTPONb Mpouwecca NnNaBkKv B 
KOHBEPTePHOM Npov3sBoAcTBe Ww B Mpoyeccax BHeENeYHOU oOOpaboTKH MeTanna c wWenblo NonyyeHnsA 
KAU@CTBEHHOTO MeTasna npv SonbWwom pas6poce NapameTposB VCNoNb3yeMbIX KOMNOHEHT (MeTaNNonom uM Ap.) 
TOuHbIe U3MEPEHUA YPOBHA MO3BONAIOT TaKwKe OSecneuNTb Se3sonacHOocTb NPM OoNbiwWen 3arpy3kKu arperaToB C 
yueTOM LUNaKOOGpa3z0BaHuA MK KUCNOPOAHON NpoAyBkKM BO BpeMA NNaBKM. 

UAcnonb30BaHve B OKB MOU onbita no co3gaHuto BbICOKOTOYHbIX CKCTeM ONpeneneHMA KOOPAUHAT, @ 
TaKKE A@HTCHHbIX CUCTEM KOCMUUECKUX annapaToB, paOoTalOuMx B YCNOBUAX BbICOKMX TeMNepatTyp, No3sBonuno 
nepeitu K MpPOSKTUPOBaHVIO TOUHbIX VY3MePUVTeNMbHbIX yCTpOvcTB ANA MeTtannyprun. {Ina u3smMepeHur 
PaCCTOAHMA B AvanazonHe 0,5...30 mM, B TOM YWCNe ANA U3sMepeHWA YPOBHA pacnNaBneHHoro MeTanna, YacTo 
ViCnOb3YIOTCA Kak YMbTpaSBYKOBbIe V3MePVTeENN Tak WU paqvonoKauWMoOHHbie v3aMepuTenu, C YacTOTHOM 
Monynaluen (UM). 

Npu nepexoge oT u3smepuTenei c norpewHocTEto nopagKa 0,1 Mm (CKO) « npu6opam c CKO 7...2 cm 
BOSHUKaeT PAM HOBbIX NpoGnem. LlononHuTeNnbHble TpyZHOCTH BOSHUKAaIOT NPM HAaNMUNNW ONU3KUX MeWarOLUMXx 
oTpaxeHui. B pa6bote moKka3aHo Kak BbICOKOTOUHbIe U3MepeHUA MaNbIX AanbHocTew oSecneuvBatoTcAR Mpu 
HANUYNY MeWarOLUUX OTPaKEHYH B UMMYNbCHOM CUcTeme C HAHOCeKYHAHbIMY uMnynbcamu npu Sonee npoctblx 
TpeSoBaHvAX, NPeAbABNAeMbIX K y3Nam, YeM Npv KVcnoNb3oBaHuu YM. 


ll. OcHOBHAaA YaCTb i 


B vsmeputTenax c UM npegpaBnaiotca x#ecTKMe ToeOoBaHuA K y3namM pagquoTpakta. B usmepnTenax c 
UM Heo6xonUmMo peanu30BaTb HENMHEMHOCTh 3aKOHa MOAYNAWMM MeHee 0,1%, NPW BbICOKOM cTaOUNbHOCTH 
mesuauwu yactotbl. B wupoKof monoce yactoT HeOOxo_vMO oObecneYvTb NUHeENHOCTh da30Bon 
XapakTepUCTHKM paguoTpakta. Hanpumep, B 3-cM ANama30He HEOOXOAUMO CO3AaTb NPVeMHbIA WV Nepenanowinn 
TpakTb! ANA geBvaymn nopagKa 1 (Ty, ana storo npeAABnstoTcA wKeCTKMe TpeOoBaHVvA K AMMNVTYMHbIM 
cbasoBbim xXapaKxTrepuctukam B 10% nonoce yactoT. Kpome 9toro, Mpw HaNvYUn NOOOUHbIX OTPaKeHHbIX 
CUFHANOB OT PasNVY4Hbix OObeKTOB B NyYe AHTEHHbI, BOSMOXKHOCTH WX NOMAaBNeHNA OrpaHvyeHbl Nonocok 
Af=1/Tn, rage Th - anutenbHoctb YM nocpbinku. Aina oBecneyeHur TouHocTu (1-2)cm B ycnoBUAX Onu3kux 
oTpaxKatouwux o6bektos (oTNNYNe NO AaNbHocTM MeHee 1M) HeocOxoAumo obecneuutb nogaBneHve He MeHee 
40 vb cywrHanoB, oTNMYaloUuMxcA no YactoTe Ha (1-3)%. Dypbe-npeoSpaszoBpaHue odecneunsaetT 
npepctapnenue curHana c warom MO AanbHocTw 15 cm npuw Aesuayun 1 Ty. Mpn stom oOecneunBaetca 
UCKMIOYEHNE OTPAKEHUM OT NOGOYHbIX OGbeKTOB, HO NOFPeWHOCTb NopAAKa 1 cM peanusyeTcA HOCTaTOUHO 
CNOXKHbIM O6pasom. 

PaccMOTpMM CTDYKTYpHyHO cxemy u3mepuTenr, paboTtatowero B 3-cM ANvana3oHe U VCNONb3yroLuero 
H@HOCeKYHOHbie MMNyNbCbI. VismepvTenb ypoBHA BKIIOUaeT AHTEHHOe YCTPOKCTBO, NpvemMonepeAAaTHUK U 
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V3MEpuTeNb BPeMeHHbIX VHTeEDBaNnoB, CONPAXeHHbIN c NOBM. Pa3paHoTaHHoe nporpamMbHoe o6ecneveHnve 
pewaeT 3afauu cdunbtpalwy, Hakonneriva u oTo6paxKeHuA pe3ynbTaToB usmepeHui.. Tako vameputenb 
oSecneunBaeT MUHMMaNbHy!O AANbHOCTb He Sonee 0,5m. Nepegatuvk Ha quoge [ana cbopmupye}r umnynec c 
rayccoBow ormOatolwen, anuTenbHocTbto 2,5 He mo ypoBHto 0,5, B 3-cm AMvana3scHe. Mpoctoi monynatop Ha 
FH@BUHHOM TpahH3svcTope C UCTOUHHKOM muMTaHuA 10 B oOecneuuBaeT BbIcOKyIO cTaOunbHOcTb oruGaiowen 
vmnysibca. B MaHHom cnyyae, Mmpv MOLHOCTH NepegaTunka 10 MBT vu ycuneHuu aHTeHHbI Gonee 200, wiymoBbie 
OWMEKA MPM paccToAHMAX fo 30M u KOsdduLneHTe OTpaxKeHYA noprogxa 0,1 mano BnuseT Ha 
PE3YNbTVPYHOWyO =TOYHOCTh U3MepeHWii. OTHOWeHYe CUrHal-LWYM B UMnynbce sbiue 25 ab, npn 
vcnonb3s0BaHMN MLUY c WymoBoK Temnepatyponu 200 K uv Temnepatype LuinaKka 2300 K. 

[Ip W3MepeHMAX 3agepxKU (puc.1)  wvcnoMb3yioTcA gBa MMMyMbCa - "cTapT’, cooTBeTCTBYIOLUNi 
orvOalowje 3anpocHoro wmnynbca, uv “cton” - orvOarowan NpvHATOrO curHana. TouHaA twKana oTcueTa 
SaMepaKkh Mey KaKIbIM U3 STUX VUMNYNbCOB MW CHHXpocurHanamu peanw30BaHa c mpeoOpa3s0BaHnem 
vvtepBana B 500 pas ( Ha Ga3e 3apaga Mano emKocTv uw paspaga Gonbwow emkocTu) uv obecneunBaeT 
AUCKpeTHOCTb oTcueTa 0,/cm. KomnapatTope! AnA wmnynbcos “ctapt” uv “cTon” vcnonb3yioT noporosple 
SHAYeHMA, NPONOPLMOHaNbHbIe amnnutTyge umMnynbca. Takve KOMNapaTopbi (puc.2) duKcupyloT MOMEHT, Korga 
BXOQHOK CurHaNn NocTMraeT 3agaHHON YacTY aMNNUTyob!, Npv Bapvaynn amnnutyabi B Npegenax 10 pB. 

BxXOAHOU curHan nocne npeABapuTeNnbHOW BpeMeHHOU CenekiuM NocTynaeT Ha reHepaTop cTpoba G 1. 
Jur 3aRepxKku cTpo6a {1 ucnonb3yercn ANA KOMMeHcayMn sanepxKU cTpo6a. ATTeHioatop A1 onpeenser 
noporopoe 3HaveHve NO OTHOWEHYKD K amnnutyge umnynbca. JivHvuA 3agepxku {2 o6ecneyunBaer 
PopmupowaHve BbIXOAHOrO CrHana NpM AOCTHxKeEHUK 3afaHHOrO YpOBHA. 

U3MeHeHve MOUJHOCTM NpYHATOrO curHana He npeBbiwaeT 40 ab, (10-20) aB npn W3aMeHeH 
PACCTOAHUA MU CTONbKO KE 3a CUET M3MEHEHMA OTPaxKEHMA OT BEPXHeW rpaHUllbl CpefAbI LNak-mMeTann. 

Cuctema aBToMaTUyeckon perynuposKu ycunenun (APY) cogepxuT noporosyto cxemy, dUKcMpyIoLUyto 
MPEBbIWEHNE 3aaHHOrTO YPOBHA, VU CNA KMBALOLUMK MPOrpPaMMHO-peanu3soBaHHbiA cbumbTp. B cucteme APY 
UCNOMb3YHOTCA aTTeHWaTopb! 8 CBY TpakTe uv BYgeoTpakTb! NpVeMHUKa. 

Npw HeBosMyWIGHHOM rpaHuue yposHA pacrinasa APY o6ecneunBaeT cTa6unbHocTb amnnutypbl c 
NOrPeLuHOCTbIO MeHee 7 Ab, NPM cnyYavHOM xXapakTepe OTpaxeHU cpenHee 3Ha4eHue ycTaHaBnuBaeTCA C 
norpewiHoctbo fo 1 Ab B AMvanasoHe 50 gab. B nocnegHem cnyyae ToYHOCTb oTCHYeTa 3anepxkn 
o6ecneunpaetcn KoMNapatopamu ¢c perynupyembim noporom. AHTeHHbI ¢ NyYoM, 6/1N3KVM K MPOXKEKTOPHOMY, 
NOSBONAIOT YMEHbLUUTb 3ABUCHMOCTb MOLUHOCTU NPKHATOTO CirHana OT paccTOAHMA B AManasoHe AO 30 Mo. 

NorpewtocTs u3MepeHu ypoBHA Onpegenretca y3anamu oTcyeTa 3anepxKKu. OwN6KU TOYHOM WKaNnb! 
CBA3aHbl C HEFMHeEWHOCTbIO MpecOpasosanMA WHTepBana B Npegenax pANCKpDeTa rpyGohw WKkanb! ( 4m). Ota 
NOrpewHocTb Obina U3MepeHa C NOMOLUbIO WMUTAYMM CUurHana, 3afepxKKa KOTOpOrOo v3MeHseTcA c Manoi 
U3BECTHOKM CKOpOocTéto (noprgka 1 cm Ha 100 u3snyYaembIx umnynbcos). AUmutatop cofepxKan cuHTe3satop 
4YaCTOTbI CUHXPOMMNMYNbCOB, yNpaBnAemMbIA 32-pa3pAgHbIM KOAOM. Bbino nmoKa3saHo, YTO oWMOKa 3a CueT 
HeEMMHeEWHOCTH uMeeT CTaGuNnbHbIN XapakTep M He NpesBbliwaeT 4 cm (c¢.K.0 1,5 cM). Gta ownoKa MOKeT GbITb 
NPeABaPUTeNbHO ONpeAeneHa C OCTATOYHOW NOrpelHOCTbIO He Gonee (0,5-1)cm. Pe3synbTaTbI u3mepeHua 
AaNbHOCTU Np WMUTAlMM BXOAHOrO CUurHana C U3MeHAHWOWeNCA 3agepxKKOU NoKa3saHbI Ha puc.3. CKOpocTb 
coctasnret 3 cM/c. AUCKpeTHOCTb BbIXOAHbIX HaHHbIX paBHa 1 CM. CrnaxKeHHaA OLIGHKA BbIXODHbIX 3Ha4eHUi 
Noka3aHa KpMBOH (1). CpequekBagpatuyeckan NorpewWHOCTb u3MepeHue 3anepxKKU CocTaBuna 1,5 cM. 

Nogasnenve noOouHbix OTpaxKeHH OT OObeKTOB, OTNUYAIOLUUXCA NO AaNbHOCTU Ha 0,2 M (pasnuuue 
safepxek 1 HC) OSecnewnBaetTcR crpoGupoBaHiem u He Tpe6yeT CNOMKHbIX BbIUNCNeHNM, KaK B Cnyuae UM- 
curHana. CkaHupoBaHve Bcero Quana3oHa o6ecneuMBaeTcCA naMeHeEHVeM 3afepxKY cTpoba. OxcnepumMeHT 
noka3an, YTO B Avana3soHe OT 0,3 AO 2 M Obina NonyyeHa NorpelwHocTb CO CPeAHYM 3HAa4YeHKeM MeHee 2 cM V1 
C.K.0. MeHee 2 CM. 

KOHCTpyKUMA @HTEHHO-cbugepHoro ycTpolicTBa ONDeEAENAeTCA KOHKPeTHbIMU YCNOBUAMM NpYMeHeHHA. 
fina o6ecneveHuA pexkumMa NpoxkekTOpHoro nya aHTeHHaA CUCTeMa OCHOBHOFO BapvaHTa u3mepuTensa 
npoektupyetcn B BUGe NapabonuyeckoK BbIPeSKN CO CMELEHHbIM boKycomM KM pynopHbim oOnyyaTenem . 
OTpaxKeHHble CUrHasib! PokycupyloTcR B packpbiBe pynopa, eHTP KOTOpOrO coBnamaeT c cdokycom 3epKana. 
AvameTp npoekiwu packpbiBa sepkana Ha HanpaBneHve u3smMepeHuii BbIGupaeTcaA- Takum O6pa30m, YTObbI 
fpaHUlia OnNvxKHeK 30Hb!I B 2 pasa NpeBbiLana MaKCUMaNbHyto pyarly BaHHbi NpuY R=2H=20 mM ANA A=3 cm 
D=0,8 m. 

Ana paOotb! Ha OAHKY AaHTeHHy NPY MaNbiX AanbHocTAX (MO 1 M) HeEO6xoAUMO co3faTb ANoOpHbIe 
KOMMYTaTOpbI C BDEMeEHEM BOCCTaHOBNeHMA <5 HC. PaspaSotaH MaKkeTHbI4 o6pa3seuy KOoMMYyTaTOpa c 
ObictponevicTavem 3 HC.. Pa3BA3Ka MpMeMHOrO UW Nepenalowero TpakTos 60 vB o6ecneuvsaetca 
LIUPKYNATOPOM VU ABYMA KOoMMyTaTopamy. 

B OTCyTCTBME OMbITHbIX OOpa3LjoB KOMMYTaTOPOB MOXKeT GbITb Ucnonb30BaHa OTQeNbHAA pynopHas 
nepegatrouwan AHTeHHa C LWMPMHOM nyya 10°. 

pu MakcumanbHou BbIcoTe 10 Mu v3aMepeHnu yPOBHA B BaHHe MMouwjagblo (7x10) KB.M. AONycTHMO 
UCNONb3OBaHMe ABYX PYNOPHbIX AHTEHH C WUPMHOM nyya 10° (puc 4). Mpu pacctonHusx Gonee 10m c yueTom 
cTpoGupoBaHua paSouero Auana3s0Ha BO3MOMKHO VCNONb3IOBaHNe OAHOU AHTeHHbI, C Ppa3sBA3KOM TpakTOB Ha 
LIMPKYNATOpe. 

Bbina paspaboTana acku3Han TexHONoOrMyeckan AOKYMEHTAUMA NO TeNnNOsaLuMTe AHTEHH ANA pabotpl B 
YCNOBMUAX KOHBEPTepHoro Lexa. 

BbiSop Guana3onHa 3 cm o6ycnoBneH, B NepsByto ouepeb, CYLUeECTBYIOLUeM SNeMeHTHOM Ba30 CBY 
TEXHMKM B MaNna3s0HaXx, NOSBONAIOLUUX PeaNv30BaTb AHTEHHbI C LUMPUHON AMarpamMbl HanpaBneHHocTn (2-10)° 
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ACCTATOUHO MPOCTbIMM CpegACTBaMM. GTO HeEOBXOAUMO B CBRaN C paboTOW BONU3H MeTANNOKOHCTPYyKLMH (Ha 
DACCTOAMHMAX 1-2 M), COsMaroulMx MOGOUHbIe OTpPaKeHMs, BNVAKOWIMe HA TOUHOCTh u3sMepeHui. Pagnyc 
oonyyaemoro fistTHa Ha MOBepXHOCTH pacnnaBa He FOMKeH NpeBbIWaTE (1-2) mM. 

Kpome Toro, Mpv UCNONb3OBaHUM HAHOCeKYHAHbIX MMMYNbCOB HeECyluan YacTOTa BOMKHa GbITb Ha NOpAAOK 
Oonbwe Nonoch! usnyyaemoro curHana ( B DabHom cnyyvae 700 Miu) ana cornacoBpaxua CBU TpaKkta B nonoce 
CMrHana UW s®@MeKTMBHON DaboTh! aMNNUTYAHOrO AeTeKTODA. 

VicnorbsoBaHve Gonee KOPOTKMX BGNH, B TOM YUNCNe OcBOeHHOrTO 8-mM gQuana3oHa, NpvBeNo Gel K 
Gonee cChoOKHOMY NOCTpOeHHIO MpPMeMHO-Nepemalowero TpakTa,. YBENMYEHUYIO LWIYMOBOK Tewnepatypb! 
NPVeMHKKa VU YBENIMVYEHKKO BOVAHUA HEPOBHOCTeM OTpPaXalOlUeU MOBEPXHOCTH. 

CYWIECTBEHKOE BAVAHMe HA TOUHOCTh V3MepeHu B 8 MM JuaNna3s0He OKa3sbIBaeT PpacnpocTpaHenue 
PaQVYOBONH YEPe3 NOTOK packaneHHbix rago0B C METANNUYeCKMMKM YaCTHLlaMy. 

OcoSeHxHocTbio paSotb! V3MepuTeNnA YPOBHA B UCTOMb3yemom 3 cM AMana30He ABNAeTCA Bonblwice 
SATYXGHME CHTHANOB, OTPaKEHHbIX OT HMKHEM fpaHVibl wunaKka (Tpannulb! wnaK-vetann). Yxe npu 10 cm 
TONLIWHE Waka STO 3aTyXaHne cocTaBnAeT (40-80) AB. B sasucumoctu oT pexuma nnaBKY B KOHBEpTepe, 
TONUWMHAaA CNOA winaka cocTaBnseT o1(10-20) cm mo (50-60)cm. Flostomy curHan, OTPa@xeHHbIA OT HWKHeEM 
rpaHvlibl LUMaKa, He BUSeT Ha pesynbTaTb! MamMepenun. MpoekTupyemoe YCTPOMCTBO U3MepAeT paccTOAHMe Oo 
rpandvitib! pasnena “cBaoGboguoe NpPocTpaHcTBo - Wwnako-meTannnuyeckan SMynboun”. 


lil. Saxnioyenne 


NposegenbHble TEGDETUMECKKME UU SKCNEPMMEHTAaNbHbIe UCCHeENOBAHYH NOKa3sanUW BO3MOKHOCTb 


V3MePeHUsl YOOBHA pacnnaBa B KOHBEPTePHOM MpovsBoACcTBe KM NMpv BHeENeYHOM OGpaboTKe meTanna co 
CpeAHeKBaspaTUYeCKOK NOrTpPeWHOCTbKO (1-2) co. 


PRECISE RADIOLOCATIONAL METER OF SMALL DISTANCES 
WITH NANOSECOND PULSES USING 


Bragin !.V., Morozov A.A., Maslov S.E., Bragin S.1., Sgibnev V.P. 
special Design Office of Moscow Power Engineering Institute 
14 Krasnokazarmennaya St., Moscow-111250, Russia 
tel. (095) 2734001, fax (095) 3625576 
Mikhailov V.F. 
Academy of Aerospace Instrumentation, 67 Morskaya St, St.Petersburg-190000, Russia 
fel, (812) 2107036, fax (812) 3157778 


The advantages of nanosecond pulse radars for smail distances measurement and the radars using continuous FM signal are 
compared. The results of the experirnent are given. 


Martepuaast 6-4 Meanyuapoanot Agemckot Maxoonoanonoli Ranepenynn AeurHuReG6. 16-19 ceutaépa 1996 r., Cesacronoan, Kppm, Yepanua 
474 Proceedings of 6th International Zeamean “Afecrowave Gonference Cre/Me20'96. 16-19 September 1996, Sevastopol, Crimea, Ukraine 





















1,2-KOMMaparop C NOPOPOshiM IHaYeHHEM, 
COMIaCOBSHRbIM C AMILIKTYION HMNYAECE 
3-AGC qucxpamuHaTop 

4,5-ycrpokicreo npeoOpazosanhs HHTepEaOB 
6-onpexenenne R=R.-R, (rpy6aa waa) 
-Ry=R,+ AR,-AR, (rogues WKa12) 

6-ananrep 

7-KOMNBbIOTEp 


BXOZHOH 
HMI JIbC 
Puc..2 
Yposenb Metauia (M) 
Ce + 





1 — pyopHhle aHvTeHHH 
2 —npHemMo — nepevaTunK 
3 — H3MeDHTeCAL BPeEMeCHHHX 
tt+Fe PBAaACB 
Puc.4 
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MNOCKKE CACTEMB! 
NOBEPAHOCTHBIX BOSH 
ANA HAPPEBA DMONEKTPAKOB 


K.f. AuyK, P.P. Weenugse 
XapbKoeckul 2ocyOapcmeexHalu yHueepcumem 
310077, Xapbkoe, nn. Ceobodbl, 4 











AnHomauus ~- PeiieHb! 2a au UW NpoBeseHb! PACueTh! BNEKTPOAVHAMVYYECKUX XAPAKTEPUCTUK ODHOM YW ABYX CBA3AHHbIX 
mnockvix cnvpane” B CNOMCTOM AManeKTpvKe, MOgenupyioweMm HarpeBaemyro cpegy. Haiigenbl onTHManbHble pex¥4Mb! ANA 
Vicnonb3oBaHKA MX Npw ObnyyeHN KUBOrO OpraHv3ama WM NUMCTOBbIX AVSNeKTpPHKOB. 


|, Baenenne 


CnocoBHOocTb KOHLIEHTPUpOBaTb NONA B HEKOTOPOK OOnacTu, xapakTepHan ANA NOBEDXHOCTHbIX BONH, 
BbIS3bIB@eT WUHTEDEC K CHCTEMaM, NMOAACPXVBAIOLUUM TakKMe BONHbI, KaK C TOUKA 3PeHMR OTCYTCTBUA 
HEOOXOAUMOCTH UX SKDAHMPOBKH, Tak WC TOUKV 3DeHUA ViCNiONb3OBaHMA NOKANVIORAHHbIX None ANA HarpeBa 
AMSNEKTPUKOB. OAHAKO B pexKUMe BO3I6yKDeHUA OTKPbITHIX CUCTeM NOsIHbIA cneKTp BONH cogepxXUT Kpome 
NOBEPXHOCTHbIX ELLE WM NPOCTPaHCTBEHHble BONMHbI [1]. OLleHKa VHTEHCUBHOCTH Pa3NV4HbIx COCTaBNAIOLUMX 
cnekTpa mpeActapnreT mpakTMueckM wHTepec. Plostomy ANA uWenv HarpeBa AVSNEKTPUKOB C MOMOLUbIO 
HeKOTOPOK CMCTEMbI CNenyeT pelaTb 3afayy BOsSOyxXeHUA. 

B Hauwiem cnyyae ANA uccnegoBaHuA u3O0paHbl cuCTeMbl OHO M ABYX CBA3AHHbIX MNOCKHX 
riorapudmuveckux cnvpanev B CnovcTOM ANvanekTpuxe, MOAeNMpyroliem vsnyYatoluyto cpegy. Mpeactasnset 
MHTepec BbINCHEHMe BNVAHMA AVSNeKTpMueCKUX cpefl Ha SNEKTPONWMHAMUYeCKHe CBOVCTBa CHCTeMb! Vv 
BO3MOMHOCTM NPMNOKeHYA WX ANA OGnyyeHuA uw HarpeBa nonyOeCcKOHeYHbIX Cpe M OFPAaHMYeHHbixX CNoeB 
AVSNeEXTPHKa. 


il. Metog pewenua 


Paccmatpvpaktca gee cuctemb!. B meppod v3 HAX MNOCKaRn cnvipanb pacnonoxKeHa Ha 
OKPAHUPOBAHHOK NOANOKKEe C AVSMEKTPMYECKON MPOHVUaeMOcTbIO & = &,,, Haf| He MMeeTCA BepXHU cnon 


MOKpbITHA C € = €,U AusneKTpnueckoe NonynpoctpaHcTBO Cc & = €,. BropaA cucTema cocTouT u3 AByXx 
COOCHO PacnonoxeHHbix cnupanev. NepBas pacnonoxKeHa Ha aKpaHMpOBaHHOM nopANoKKe c € = €,,, MeKAY 
cnupasiblo mpucyTcTayeT cnow Qusnektpuxa c €=€,, Hag HUM BTOpaA cnvpanb co cnoemM NokpbiTuA 


(€ = &,)wnonynpoctpantctso c € = €,. 


Vicnonb3syeTcaA cnenyoiuan mogenb. finr crupaneA’ nmpvvATO mpnOnuxeHve G6ecKOHeYHON 
@HVSOTPONHO NpPOBOAALUeK nnocKocTu [2], cuntTaeTcs, YTO SKpaHbi VW CMMipanv He MMelOT NOTepb, AMSNeKTPMKU B 
o6ujem cnyyae ofnagawt riotepamu. PaccMaTpvBaroTcA CHMMeTPUYHbIe MO a3uMyTy BONHbI. UcTouHMKom 


Bos6yKAeHNA ABNAeTCA CucTema CuHCpasHbIx O -reHepaTopos, pacnonomeHHbIx Ha KONbuUe Manoro paguyca. 

Sanaya peliaeTcA MeTOZOM YacTMYHbIx OOnacTev, ucnonb3yeTcn mpeACcTaBneHue nonv B KaxKgON u3 
o6nacte B Buge uHTerpanos Dypbe - Beccena c Hev3BeCTHbIMU KOscbcbuuMeHTamu. fina ux onpegeneHus 
rpaHuunbie yonoBunA Sepytca B NPUHATbIX NpuGnuxKeHuvAX. Takum O6pa3om nonyyeHbl cuctembt v3 10 u 14 
VHTerpanbHblX YPABHEHMM OTHOCUTENbHO HEM3BECTHbIX KOSCPCPULWEHTOB pa3snoxKeHuA none B CNyYae OAHOK uv 
HByx cnupanev cooteeTcTBeHHO. B cnyyae CUMMeTPHYHbIX BOMH BO BCeX UHTerpanbHbIx ypaBHeHNAX 
NOAbIHTerpPanbHble BbIPAKEHYA COMEpxKaT GyHkunun Beccenv ofkoro nopagka. Torga npumMeHeHue oOpaTHoro 
npeoOpa3sopaHua XaHkens K KAKGOMY U3 ypaBHeEHW No3sBONnAeT nepeviTM OT CKCTeMbl WHTerpanbHbix 
YPaBHEHWU K COormacoBaHHonw cucTeme anreOpanyeckux ypaBHeHul. B atom cnyyYae Nona npeg”cTaBneHb! B 
UHTErpasIbHOU (POpMe C AHANUTUYECKUM BbIPaKEHKMEM ANA NOAbIHnTerpanbHbix cbyHKUM. Takan cbopma AaerT 
BO3MOXKHOCTb BbINUCNUTb UHTerpan B MNOCKOCTM KOMMNeKCHOrO NepemeHHoOro. BpiyeTbI B Nontocax onpesenaioT 
NONS MOBEPXHOCTHLIX BONH, 4 VHTerpaNnb! NO paspesaMm OT TOYeK BETBNEHMA, BbINACNEHHbIEe C NOMOLUbIO MeTOAa 
nepeBana, MaloT BbIPAKeEHUR ONA NPOCTPAHCTBEHHbIX, T.e. U3NYYEHHbIX, BOJIH. 


li. Pesynbtratbi pacueta 


Takum o6pa3om Gbinw paccuuTaHbl QucnepcvoHHble Mu sHepreTMuecKHe xapakTepucTuKn 
NOBEPXHOCTHbIX BONH, HaNpaBNeHHbie WM SHEpreTuYeCKNe XapakTePUCTUKUY ANA V3NYYeHHbIX BONH B LUVPOKOM 
VHTepBane U3MEHEHMA NapaMeTpoB CUCTEMbI VW YaCTOTbI. OcoSoe BHuMaHne yoeneHo uccnenoBaHuto BNUAHKA 
CBOUCTS OGNYYeHHOM Cpesbi Ha XADaKTEDUCTUKM CVCTeMBI. 
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B cny¥ae OHO cnupanu Oeino O6HapyxXeHO, YTO UHTEHCKBHOCTb MONeM MOBEPXHOCTHOM BOFiHb! B 
nonyGeckoHeyHou (o6nyyaemoi) o6nactn umeeT mMaKciMyM ANA onpegeneHHoro HaGopa mapamMeTposB CUCTeMbI 
WU YacToTbl. [usneKTpuyeckan NPOHMLaeMOCcTh YW MoTepK OG6nyYeHHOM cpepbt cnabo BrustoT Ha NonoxKeHve U 
UHTCHCVBHOCTb Makcumyma. VUanyyeHHoe none umeet KOHMYECKYIO AH. B cnyyae Gonbiuux nnoTHocTen 


HaMOTKM ChMpanw MaKCMHMYyM u3anyYeHvA pacnonoxKeH nog yrnom 45 Kk ocu cucTeMbI uM cnabo nu3mMeHAeTCA C 
poctom &,. [pu Manbix NNOTHOCTAX HAMOTKM C pocTOM &, MpoVicxoANT cMeujeHve MaKcAMyMa U“3snyY4eHuA B 
CTOpOHyY HOpManuw cnupanv nu cyKeHve IIH. Poct. noTepb sbisbiBaeT ymMeHblWweHKe aMnTY Ab nonon 
nomBneHwe vanyyeHns B MnockocTy cnupannu. Cpashenne MOLUHOCTeM NoBepxHOCTHON p' wv v3sny4YeHHon P 


M3 
BONH Mokaszano, YTO B CMyYae Manbix E, Pp >> P  .C poctom &, BO3HMKaeT pexKuM, NPY KOTOPOM 
n W3i 8] 
P&P  , OfHako HaNuuNe MoTepb B Cpefe NpNBO_MT K ToMy, 4YTO WB CNyYae GonbUMx E€, P oka3bipaetca 


vai 
Bcerna Gonbwe P 

Ans AByX cNupanei xXapakrepHo Hanuune ABYX NOBEPXHOCTHbIX BONH NPM pasNM4HbIxX MNMOTHOCTAX 
HaMOTKM Cnupanel. MoujHOCTh NOBEPXHOCTHbIX BONH B NonyGeckoHeuHbIX OGnacTax cnaGee, uem B cmyyae 
OAHOK ChMpanv, HO MOLWHOCTb Mexcy CNupanAMM 3HauNTeNbHO Gonblwe, 4uem B mO0GOM obnacTu OAVHaDHON 


cnupanu, W pacTeT c pocTtom €&, Ww YacTOTbI. UsnyueHHoe none B 9TOM cnyYae umeeT KOHNYeCKytO MH, Ho 


Man n 
MOLUHOCTh P = 3H@YMTEMbHO MeHbLUe PB OOnacTH MexKAY ChMpanaAMY NpM MmO6bIX 3HAaYeHHAX KOMMMEKCHbIX 
& ,. TlOBepxHocTHaA BONHa MMHeVHO NONApH30BaHa, M3NyYeHHAaA NpU GoNbLUX MNOTHOCTAX HaMOTKM cnupann 


AWHEHHO NONApM30BaHa, NPM MaNbIX — MOMKET VUMeTb MMHeMHyKO MN annuntuyeckylio nonApv3aLiuio Npu 
HEKOTOPOM Hadope napameTpos cucTemMbl. 

CornachHo [3] npopefeHa OlleHKa MOLJHOCTU NoTepb WU BpeMeHM HarpeBa CNOA AVSNeKTpuKa MexKaYy 
crMpanamu. Pacuetb! nokazanu, 4YTO ANA AveneKTpuyecKoro AvicKa AVvameTpom 5 cM, ToNUWMHOW 2 MM Cc 


= 0 
é€=10 un tgd = 10 ' noBbiLeHue Temnepatypb! Ha 100 MOxKHO MOCTUUb 3a HECKONBKO MUHYT Mpu ypoBHe 
MoLUHOCTH CBY noprgka 100 Br. 


IV. 3axnioyweHne 


floka3aHo, YTO B PexKUMEe CUMMETPUUHEIX MOBEPXHOCTHbIX BONH OfHA CMupanb c akpaHvpoBaHHol 
NOANOKKOK UW CNOeM NOKPLITHA Npurogva ANA oOnyyeHuA nonyGeckoHeYHOU cpegb! OxuBOrO opraHu3ma). [iBe 
CBAZ@HHbIE CNVipanu B STOM Ke pexuvmMe NpVroAHb! ANA NOKaNbHOrO HarpeBa NMUCTOBbIX ANoNeKTpuKOB. Alona 


Vi3NyYYeHHOW MOLIHOCTA Mpu 9sTOM Mana B o6oux cnyyanx. Mostomy 8 gobaBouHor SKPaHMpoBKke HeT 
HEOBXOsJMMOCTH. 


V. Cnucok muTepatypbi 


[1] FoumH fT., 3amapaesa B.N. CurcbasHoe Boa6yxqeHve nnockOK CnupanbHol aHTeHHbI, pacnonoxKeHHOM Ha 3a3eMNeEHHOM 
MarHviToAusnektTpuueckom cnoe // Vspectun BY3o0B. Paguocbusuna. - 1977. -T. XX, NeS. - C. 739-744. 

[2] Crnun B.A., Cazonos BI. Sameanatoume cuctembl. - M.: Cos. paguo. - 1966. - 631 c. 

[3] Miownhep T. Harpee sHepruei caepxBbicoxux Yactor. - M.: QHeprun. - 1968. - 311. 
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The systems with surface waves have sizes smaller than those of the microwave waveguides and cameras which are usually used 
for dielectric heating. We have investigated the electrodynamic properties of some systems - one and two axially coupled planar 
spirals with dielectric layers. The regimes with maximum power flows in layers were found and temperatures of irradiated dielectrics 
were estimated. The radiated waves were also estimated. The results may be used when the construction of alive organism 
radiators and flat dielectric layers. 
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HMCHOJb3OBAHHE METOJIA COOKYCHPOBAHHOH AMEPTYPBI 
As CBY-TEXHOJIOTHYUECKHX YCTAHOBOK 


.’.A.Mopo3os, O.B.[Moranosa, FO.E.Cezenbuukog 
HAYUNO-UCCHEOOGAMENECKUL YEHMP NPUKNAOHOL I1CKMPOOUHAMUKU 
Kasancxozo Pocydapcmeenuozo Texuuueckozo Yuueepcumema 


AHHOTaUHA 
Miccnenyrotca Bonpocbl ONTHMH3aWHH BOSOyKCHUS BIEKTPOMArHHTHBIX Novel 
B CBEPXBLICOKOYUAaCTOTHBIX (CBU) TexHonorm4eckux ycraHopKax. C ellbio H3y4deHHA 
BO3MOXKHOCTeH MOBLILICHHA SCP(PCKTHBHOCTH BOBOYXTeEHUA NOSA B MOMIOWAaroOule cpe- 
Le NpOBeeHO SIeKTPOAKHAMHYeCKOe MOTENMPOBAHHe Disa Cilyuad W3yYeHHA JIMHeCMHOM 
pewleTKH U3IIy4aTejlen B Cperiy. 

_ Tloxa3ano cyiuecrBoranue adpiexta, 3akmouatolleroca B yBeCIMNeHHM 3HaUe- 
HHH MOUHOCTH Nod Ha ONpeneneHHOu rryOnne Npv NpHMeHeHHH CPOKyCHpOBaHHOHK 
anepTypb!i 10 CpaBHeHHEO C HECPOKYCHPOBAHHbIM BO3SOYXKTeEHHeM M3TyUaTeNeH, a TaKKE 
CYWIECTBOBaHHe ONTHMANbHOTO aMMJIMTYMHOTO pacnpemeneHua, oOecneyMBarollero 
M&aKCHM&@JIbHY!O HHTCHCHBHOCTh MOJIA Ha 3aaHHOU TryOHHe. 


I. Baezenne 
B nocweqHve JeCATUIeTHA B pAe CTpaH AKTHBHO NpOBOAHMINCh MCCHeAOBaHHA, 
HanpaBsleHHble Ha pacuinpenne cep MpuMecHeHHA 3NeKTPOMAarHHTHbIX nome (OMIT) 
CBuU-nuana30na. Musnyeckne cBoicTBa, npucyuiHe OMIT CBY, B Tom uncne cnocob- 
HOCTb NPOHUKaTb Ha ONpenemeHHyro riryOuny B OOnyyaemol cpeye, a TaKxKe scdpexT! 
OMONOTHMUeCKOLO XapakTepa OTpeeIMIM NepcneKTHBHOCTh Hcnombz0BaHuaA CBU-nonen 
JIA pelieHusaA WIMpOKOorO Kpyra 3aay B MeJIMUHHe, CHOnOraM, CENIbCKOM XO3ACTBE H 
TpOMBbIWAeHHOCTH [1,2,4,9]. 
K Hacroallemy BpeMeHH CO3ZaHbl HW WIMPOKO HCNONb3YIOTCA TEXHOMOrM4eCKHEe 
CBU ycraHopky, Did pina NpunoOKeHHH WOKa3aHa MepcneKTHBHOCTh U BeseTca pabora 
NO TIPOMbILUJICHHOMY MCNONb3O0BaHHIO. B pane HampaBheHuii MNOJyYeHbI pe3yIbTaTh! H 
NpOBOTATCA HCCHeTOBaHA MO OMpeseseHHIO ONTHMAIbHbIX PexKAMOB COpaborku [6]. 
Jjocronuncrsamu CBYU-mMetronos, nO cpaBHeHHW C TpaHUMOHHO HMCMOIb3yeMbI- 
MU, ABJIAIOTCA: 
- 9KONOrMUeCKad YMCTOTA Npowecca O6paborTky, T.K. CBU-mMeToab NOSBONALIOT 
H30eKaTb WIM Pe3KO COKPaTHTb KOHLCHTPalHH TOKCHUHbIX XHMHYCCKHX Be- 
LWECTB; 
~ COKPaLenve SHEPreruyeckHx 3aTpar; 
- BO3MOXKHOCTS MOUHOKW MexXaHH3aynu W AaBTOMATH3allHn mpoweccon o6pa6borT- 
KH; 
~ YCKOpeHHe mpoyeccos oOpaborku. 


| Il. OcHoBHad 4acTL 

K ynciy cneuM@uyeckHx 3a/1a4, BOSHHKAIOLUNX Np paspa6oTKe cpezcTB CBU- 
o6paOoTkKH, OTHOCHTCA BOBOyxMWeHMe ZIIEKTPOMArHHTHbIxX Mone B pabounx KamMepax 
CBU-ycraHoBok, WCXOZa M3 3aqaHHOro pacnpeyenenua TemmepatTypbl no oObemy 
oOpa6atTbiBpaemoro MatTepnana [6]. 

MopmupyemMoe Tekylyjee pacnpenesenne Nowe TemnepaTyp onpeenserca TH- 
HaMMKOH MpOLWeccoB HarpeBa HW TemIOOOMeHa C Okpy2xKarowleh cpeyonw. Briyemennue xe 
Telia ONpeyeaeTcA MpOCTpaHCTBeHHbIM paciipeyeneHHemM MOlyJIA Halmps.KeCHHOCTH 
SIEKTPOMarHHTHOTO Toms. Llosromy HaxoxeHHe paciipeneneHuA moma TemMnepatyp 
MOxXeT ObITh MOCTpoeHO B BHC ABYXSTANHOH Mpouenypbi: HaxoKTeHHA NoONA 
TemMiepatyp NO 3aqaHHOMY paciipeyeneHulO MHTCHCHBHOCTH 3ICKTPOMATHUTHOPO HOA 
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MH HaxXOXKACHHIO (PyHKUMH WHTeHCMBHOCTH MocweyqHerO NO 3aRaHHOMy BO36y2KeHHIO 
HCTOUHMKOB. 

B COOTBETCTBHH C KOHKPeTHbiM H43H@UCHHEM YCTaHOBKH 3TH MOJIA OIDKHBI 
MMCTb HCKOTOPyloO 347,aHHyiO HHTCHCHEHOCTE B Npeyetax yKasaHHbix KaMep KH OOLeMOB 
oOpaOarLiBaeMblx MaTepHasos. 

Bo3HMka1oulne Mp TOM CHOXKHOCTH OOYCNOBIICHLI, NO-Kpaiinell Mepe, 2ByMA 
NpH4YHHaMH: 

~ NOPMOWeHHemM 3Heprun B OOpabaTLIBaeMOM MaTepuase HM, Kak CJICNCTBHE, 

yObIBaoulWM XapakTepOM H3MeCHCHHA MHTCHCHBHOCTH Hosa BIryOuny; 

- MHOPFOMOJOBbIM XapaKTePOM 93JICEKTPOMALrHHTHbIX Mowe B 3AaMKHYTbIX 

KaMepax C HaJIM4YHeM Pe3OHAHCHbIX MpPOCTPaHCTBeHHbIX pacnipeneneHHit, uTO 

MPHBODNT K CYUIECTBEHHO HepaBHOMePHOMY pacnpeneneHHIO HHTCHCHBHOCTH 

TOA C OOaACTAMM NYYHOCTeH HM y3JIOB. 

Takum o6pa30M, OHO H3 aKTYAaIbHbIX 3a](a4, CBAS@HHbIX C MPOMBILLUICHHbIM 
ocpoeHiem CBU-Texnonornit, apnaetca paspa6oTka MeTOLOB 3ddbexTHBHOrO BO3b6yx- 
ACHHA SCKTPOMATHUTHbIX Nowe B paOounx kaMepax TexHomormy¥eckux CBU-ycraHo- 
BOK. | 
C WenbrO H3y4eHHA BO3MOXKHOCTeM NOBbIWEHHA 3:—ppeKTHBHOCTH BO3OyxKTeHHA 
NOMA B NOPIOWaIOlleH cpeze MpOBeeHbI HCCHeQOBAHHA, NO3BONMAIOWIME paccunTaTb 
MOULHOCTbh 3JIEKTPOMArHHTHOTO MONA Ha pa3sHo rayOune yA cmyyaes cHHcpa3sHOoro 
BO3OYKTCHHA JIMHCHHOM peleTKH MgIy4aTenei HM pw BO36yxKTeHHH HX B (a30BbIx 
COOTHOUICHHAX, OOecneunBaIOLHx Somee paBHOMepHoe pacnpeneneHHe MOLIHOCTH B 
cpeye. CocTapiena 3JIleKTpOQMHAMHYeCKad MODENb U3IYYCHHA B NOFIOMaIOLily cpeny: 
MNCHTHYHbIe W3IyuaTemu c OOmjeH cucTreMoH BO30yxXDeHHA HAaxXOATCA Ha rpannye 
nornomaroujeh cpelbl, OOpa3syaA sMHeliHyIO peuleTKy, MH H3Ny4aloT B cpeny [6]. 
Ifoka3aHo, uTO B 3TOM Chyyae 3a CueT BO36yXKDEHHA H3IyYaTeNel B COOTBETCTBYIOWINX 
Pa3OBbIX COOTHOMWECHHAX MOXKHO JOONTECA YBEIHYCHHA 3HAYCHHH MOUIHOCTH Nona B 
KakOH-1H60 Touke (PokycupoBka B TOYUKy) HIM CYMMapHOrO 3HAaYeHHA MOLJHOCTH, 
BbIJCIACMOM B Npeyewax MpOM3BONBHOTO OTpe3ka (okycupoBka B Mpepemax oTpe3ka), 
pacnONOKeHHOrO Ha ONpeeNMeHHOH rayOune. | : 

Hccnefopanua onpeyenvin HayIMYve ONTHMaNbHOTO aMIMIMTYAHOTO pacmpe- 
menenua (AP) ToKop u3nyyaTenel, IpH KOTOPOM HHTeCHCHBHOCTh 3eKTpHYeCKOrO MONA 
Ha OlpeyeseHHOH rryOuHe MOcTHraeT MaKCUMaJIbHOrO 3Ha4yeHuaA. Tlomyyaembiit sdcext 
OWCHHBaCTCA OTHOUWICHHEM MOLNHOCTeH B TOYKe CPOKYCHPOBKH WIA ONTHMAJIbHOTO 
aMIWIMTYAHOrO pacnpeyeneHuaA WH B Ciy4ae paBHOaMNANTYQHOTO BO36yKDeHMA U3ITy- 
yaTenel. | 

'B kayecTBe normomaiousei cpeabi MpH pacueTax MCNONb30BaNICA CyYTMHHOK 
cepbilt c 10% Bnaxuocrpio [10], cpega npegnonaranach GeckoneyHoit. Usnyyarenn pac- 
nmowarayiMCh Ha paccTOsAHHH A,/2, KONMYeCCTBO H3IyYuaTesei paBHanocn 11. | 

Ha puce.! wu puc.2 npencrapneHbi pacnpefereHua MOLJHOCTH 3eKTpHYecKOro 
nouiA B rryOuHy MaTepMana Np Pokycuposke B TOUKY, pacnomararoulyioca Ha ruyGune 
16 cm MW BO3OyxKTeHHH H3NyuaTenei Ha “uacrotax 0,961 Tu uw 3,841 coorpercrBeHHo. 
Koapuunent 3atyxanna (a) h kosdPuunent daze (6) onpenenanuch cormacno [10]: 
a=13,7; B=180 ana puc.l uv a=5,76; B=47,5 ana puc.2. YBenuyenue MOLIHOCTH NOMA B 
TOUKe (POKyCcupoOBKH cocTaBunNO 2,506 (puc.1); 745 npu paBHomMepHom cioxycupoBan- 
HOM Bo3s6yxneHHH Hw 9NbB mpu ciokycupoBaHHoM Bo36yxKqeHHH C ONTHMAaJIbHbIM 
AMIIMTYHHbIM pacnpeyenenvem (puc.2). OdpdexT np ONTHMANbHOM aMMIHTYHOM 
pacnpeyeneHHH MO OTHOLWICHHIO K paBHOMepHOMY cCHHipa3zHOMy BO36y2%KeHHIO 
u3TyyuaTenen COCTABHA NpHOMmM3uTeNbHO 1,6 4 3,5 COOTBETCTBCHHO. 
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Ha pue.3 u puc.4 npezicrapsedb! pacnmpeneneHua MOUWHOCTH IIEKTPHYeCKOTO 
NO B MOrIOWaowel cpene Ha rmryOuHe 16 cM B Tpememax OTpe3Ka OKYCHPOBKH 
(oTpe3ka B Wpeenmax KOTOPOrO MAKCHMH3MpOBalach CYMMapHasd = BbITeIAeMad 
MoutHOcTD). [[poune ychoBus MOReNHPOBaHHA HOTCHTHYHEI BLILUCOMMCAHHbIM CiydadM. 
CoryacHO fOJyYYeCHHbIM pe3yibTaTaM, M@&@KCHMA@JIbHbIA 3¢cpdpekr MocTuraetTca Mpu 
AMHUMTYHHOK WIM aMMIHTYHHO-a30kOH OTHMV3AUKH = aMMIMTyMHO-Pa3z0Boro 
paciipenencHua B packpbipe pelieTKH. Da30BaA ONTHMMHB3ALMA HE WaeT OLMYTHMOTO 
BbIMTPbILUa B CYMMapHOH MOLJHOCTH. 

Takum o6pa30M, HCCIeOBaHHAMH MOKa3aHO CYLNECTBOBaHHe 3(ekTa, 3aKII10- 
YaFOWeTOCd B YBENMBCHHH 3HAYCHHH MOLWIHOCTH NOJIA Ha ONpeneneHHOH TayOune pH 
TIpHMeHeHHN CPOKYCHPOBaHHOH anepTypbl NO cpaBHeHHIO C HectpOKYCHPOBaHHbIM 
BosOyxNeHHeM W3aAny4uaTeleh, a TakxKe CyYLUeCTBOBaHHe ONTHMAaNbHOTO aMIVIHTYQHOrO 
pacnpelencHud TOKOB H3TyaaTeneh, oGecneunBarOLero MAKCHMAJIbHYIO HHTCHCHBHOCTb 
noua Ha 3afaHHoH riyGune. 


Iii. Zaxmoucnne 

OHMM H3 OCHOBHbIX HalipaBeHH HCMONL3OBaHUA SIECKTPOMATHHTHOMW 9SHep- 
run CBY OTHOCHTCaA MCHONL3OBaHHe SIEKTPOMALHHTHbIX MOWeW WIA CYUWIKH, [e3HH- 
cbexuMn, TepMOOOpaboTKH pa3IMYHbIX MaTepHanos. BosneticrBve 3i1eKTPOMarHHTHbIXx 
none OCyecTBIAeTCH 34 CUeT NOPIOMICHHA SHEP BELICCTBOM HW NPOABIIACTCA B BUC 
apdpexta Harpespa. [Ip sToM 3a CY¥eT NMPOHHKHOBCHHA MONA B TONULyY MaTepHasa 
CTAaHOBHTCA BO3MOXKHbIM HarpeB, OCyLecTBAAeMbId MO OObemy BeLecTBa (a He MO 
TIOBEPXHOCTH, YTO MMeeT MECTO JIA WHOOLIX ApPyrWx W3BeCTHbIX cnoco6os). MmMeHHo 
yKa3aHHOe CBOMCTBO OMnpesenxeT OCHOBHbIC MOTeCHIMabHbie WOocTonHcTBa CBYU- 
HarpeBa. | 

Ucnonp3opanve Merona cdokycupoBaHHOH anepTypbl MO3BOJIAeCT MOBbICHTb 
HHTeCHCHBHOCTh CBY-o6pa6orTkn, a TaKxKe Gosee ssPeKTHBHO HCNOMb3OBaATb IHEPrHio 
HCTOUHHMKA. 
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AxHomauun - [In PaQvOBONHOBbIX V3MePpeHW HESNeEKTPUYECKMX BeENVUMH C NOBbIWEHHOM UyBCTBUTeEMbHOCTbIO 
npeAnaraetca VcnoMmb30BaTb CUHTesMpyemMble MHOro3s0HgOBbIe AaTunK. C WX npvMeHeHveM OGecneunBaeTCA MHOrOKpaTHoe 
KOHT@KTHOG YUN DMCTAHUMOHHOe 30HAMPOBaHKe SNEKTPOMArHYTHbIMA BONHAMM KOHTponupyembIx OGbeKTOB. CUuHTe3 TaKux 
AATYVKOB OCYLECTBNRETCH MPU BCTPAVBaHMN LWAPKYNATOPOB VM HaNpaBNeHHbIX OTBETBUTENeH B UCXOAHbIe pesoHaTOPpHble uN 
BONHOBOAHbIe BaTunku. YkaabiBaloTcA OONacTw NPYMEHEHMA CUHTE3MPOBAHHbIX MHOFO3OHAOBbIX AATYNKOB UW COsePKALLMX UX 
V3MepUTENbHbIX YCTPOKCTB AIA U3MEPeHMiA PasNMYHb!IX TEXHONOrHHECKUX NapAaMeTPOB. 


|. BBeneHve 


BOsbLuMMi @yHKUAOHaNbHbIMM BO3MOKHOCTAMM JNA A3MepeHHh HEsnexTpnyeckHX BENMYVH OONnanaloT 
paguoponHoBble garuuku [1]. SOTO mopTBepxAaeTCA U3BeECTHbIMA pa3szpa6oTKaMA TakMX DaTHMKoB, 
NPeAHa3HaYeHHbIX OFIA U3MeEPeHWA NapaMeTPOB pa3snuiyHbix TexHONorMyecKux Mpoieccos [2]. B To *e BDeMA 
4YYBCTBUTENEHOCTh STMX MaTUVKOB K V3MepReMbIM BeMUYWHAM, UX TOYHOCTb He BCerma OKa3biBaloTcA 
ACCTATOUHbIMM JNA peWeHHA NOCTABNeEHHbIX 3afau. 

PaccMOTpUM PIPMHUMNbI NOCTPOeEHNA PaAVOBONHOBbIX AATYUKOB, KOTOPbie ABNFIOTCA CYLUECTBEHHO 
Gonee YYBCTBUTECHbHbIMM NO ChbaBHEHUW C KU3BECTHbIMU AaTHUKaMM aHaNnorMyHoro NDMAMECHEHHA. 


ll. FipwHunnb! MOCTpOeHMA BbICOKOYYBCTBUTESIbHbIX HaTunkosB 


OcHOBOM ANA CUHTe3a BbICOKOYYBCTBUTEMbHbIX PaAMOBONHOBbIX AATYVKOB ABNAeTCA oGbecneyeHve 
BO3MOXKHOCTU MHOrokpaTHOrO (MO MeHbueW Mepe ABYKpaTHOrO) B3aNMOAeEKCTBMA SNEKTPOMAFHMTHBIX None 
(BONH) B HUX C KOHTponMpyembiMu oObeKTamu. flocTuraeTcA 9TO HannuMem y gaTUMKOB MHOrMXx 
4YYBCTBUTENbHEIX SNEMEHTOB (30HA0B), Ha KOTOPbIe OAHOBDEMeHHO Bo3melicTBYeT BXOgHaA BeNuuNHa xX, 
OMpeAeNAAR B COBOKYNHOCTH yHKUUIO NpeocOpa3zoBanunr (DN) paTunka. 

Myctb a7(x), a(x), ...,an(X) - PYHKUMK NpeocbpasoBaHuA, SbIPaxKalolune CBA3b UV3MEPAEMON BENUYHbI Xx 
C BbIXOAHbIMM BeENMYMHaMM Kk .4YBCTBMTeMbHbIX snemeHToB (U9) gatTuuka. Torga OM gatunka BbipaxKaetca 
CNePytoluuM COOTHOWeHMeM: 


y=f(a4{X),ao(X),...,8x(X)) (1) 


B qaTunke co MHorumn US ocywectanAeTcA MHOroBxogoBOe BO3snelicTBVe xX Ha OF natTunka, KoTOpoe 
peann3yerca Bo3smevcTBMeM X Ha KakKAbI v3 U9, BXOAALWMX B COCTaB gaTunka, PopMUpyA pe3synbTUpyrOLUyto 
OF]. YyBcTBUTeNbHOCTb Sx AaTUMKa, comepmawero k YO, kK vamMepReMoMy NapaMmeTpy ecTb 


k 
i Of 04a; 
341 OA; OX oa, 
Mpu ai(X)=a2(x)=...=ax(x)=a(x) umeem S.=kS;, rae S; - 3HayeHve S, npu K=1. 


Ana AaTuuKos, peanvayembIX Ha OCHORE pa3snMyHbiIx cu3snueckux MPVHUMNoB, dyHKUMn a(x), 
A2(X),...,@k(X) BbIDAKAWT CBA3b C X KOHKPETHbIX BHVAIOLUMX Ha OF BenuuuH. NA paguoBonHoBbix DAaTHVKOB 9TO 





(2) 


> ~» 
MoryT 6bITb anextpvyeckoe E(X) wu marHutHoe H(x) NONA, 3HAYEHUA JMSNeKTPUYECKON &(X) W MarHYTHOU 
u(x) MpoHkuyaemocten, o6bem V(x), 3aHNMaeMbIN SNEKTPOMArHUTHbIM NoneM, T. e. 


> > 
a(x)={E; (x), H, (x), 2%), ix), Vid}, 11,2,....K. (3) 
B YaCTHOCTY, ECNKW paQVOBONHOBbIN AATYWK NOCTPOeH Ha OCHOBe OTpe3ska ANUHHOK AnHMN, TO (3) 
MOXKeT ObiTb 3anucaHo Tak: 
ai(x)={Ui(x), li(x), Ci(x), L(x), Rix), 1Q)},  1,2,...,K, (4) 


rae Ui(x), li(x) - HanpsKeHue uv TOK B OOnacTu, noA“Bepraemok Bo3sgelcTBulo x; C(x), Li(x), Ri(x) - noroHHble 
EMKOCTb, VHAYKTMBHOCTb M CONPOTMBNeHNe NUM BaTOM OOnactu; I|i(x) - anvHa yuacTKa NUHMN, Ha KOTOpbIN 
BOSNEUCTBYET X. 
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COOTBETCTBYA V3BECTHbIM METO{A@M NOBbILWEHYA YYBCTBYTeNbHOCTY NvWb B YaCTH yBeENnKYeHNA 
KD@THOCTH B3auMonehcTaun c OObexTOM, Npes“Naraemble NOWHLIVMb!I, CBASAHHbIe C OpraHMaaLyMelH PATUWKOB CO 
MHorumMu YO, meToguuecku sBnatotcn Gonee OOUWIMMY U CBASaHbI C UCNONb3O0BaAHVeEM Pa3sNM4Hbix THMOB 
HATUUKOB V UX UHCbOpMaTHBHbIX NapamMerpos. 

3a C4eT ABYHANpPAaBNeHHOrO 3OHAMPOBAaHMA KOHTPONMpyeMOrO OObeKTAa MOKHO BABOe NOBbICMTb 
YYBCTBUTENBHOCTbh PaQMOBONIHOBbIX NaTUMKOB. OTO OCYLUECTBUMO C NPUMEHEHNEM BONHOBOAHbIX PesOHaTOpoO., 
UMGCIOWIMX Ha o60ux TopLax 49, KoTOpble OAHOBDEMeHHO B3auMonevCcTByYIOT c OObeKTOM. B 3aBMCAMOCTM OT 
pewaemon 3agaunu YO 3anecb moryT MpescTaBnaATb co6boK: OTKpbITble Toplib! [1] -oOpasHb!x BONHOBOAHbIX 
pesovaTopos (8 OeCKOHTAKTHbIX AaTHAKAaX MG@NbIX PaCCTOAHMU, TONUWIMHb! NMCTOBbIX MeTANMNYecKux 
MaTepvanoB); norpykaemble & KOHTDONMpyeMy!O MUAKOCTb KAK YHACTKH TaKHX BONHOBOAHbIX pesOHaTOPOB (B 
AaTyvkax ypoBHA %#KngAKOCTU), Tak W TONbKO UX Harpy3soyuHble conpoTueneHwA (B gaTunkax cu3nv4eckux 
rapaMeTpoB BewWecTs, B TOM UMCNe NepemMeluaembIX No TpyGonpoBogaM), NogscoegMHeHHble K OOOUM TopLaM 
BONHOBOLZOB TOHKMe (< 0.1 MM) MeTannuyeckve mMemMOpaHb! (B WaTunKax AaBNeHMA, pacxofa BeLIecTB, 
nepemMeiiaembix no TpyGonpoBsofam; B NocnepAHem cnyyae STW MeMOpaHxb! AByYX PeE3OHAaTOPOB, YCTAHOBNeHHbIe 
cHapyxKu TpyGonposoga B ABYX CeYeHVAX BAONb efO ANMHbI, BCTPOeHbI B CTEHKM TpyGonpoBoga); AHTeHHbI, 
mpvicoegQuHeHHble K OO6omMM TopllaM fl-o6pa3Horo BoONnHOBOga “W HanpaBneHHble B CTOPOHY KOHTpONupyemoro 
o6bekTa (B GECKOHTAKTHbIX NaTHUKAaX PACCTORHUA, YOOBHA BELUCCTB B EMKOCTAX, PACCTOAHUA AO ABMXKYLUerOCA 
oObekrTa uv ero cKopoctu). VHcbopMauMOHHbiIM NapaMeTPOM TakuxX MaTYMKOB MOXKET CHYKUTb, B YACTHOCTH, 
DE30HAHCHAA YacToTa SNeKTPOM@rHUTHbIX KONeObaHMM, 3aBUCALUAaA OF MW3MepAeEMOrO TexHONorMuecKkoro 
napametTpa. 

fink MHOroKpaTHoro (Gonee, YeM B fBa pasa) MOBLILWEHMYA YYBCTBUTENbHOCTH MpPKAMeHMMb! 
DanvoBonHopble “aTuMkv co MHOrMMU YO. Ou GasmpyloTcA Ha VCNONb3OBAHVM HOBbIX Oa3sOBbIX SMEMeHTOB 
LNA MOCTPDOCHUA PAaAVOBONHOBbIX JATHYWKOB - BOMHOBCAHbIX PeE3OHaTOPOB C pa3qeNnbHbIM B3IavMOgeNCTBVeM 
BCTD@4UHbIX BOSH C KOHTPONUDYeEMbIM OObeKTOM [3]. Takue AaTUMkKU bDeaNnuaylOTCA NpK BCTpPavBaHuN B UCXOLHbIe 
pe3scHaTOpb! LIMPKYNIATOpOB MM HaNnpaBsleHHbix OTBETBYTeENEH ANA BbIBOAAa U3 VCXOAHbIX pesoHAaTOPOB uM BBOAA 
B HX BHOBb MPOB3saUMOAeKCTBOBaBLUUX C OObEKTOM BONH. Tlpv 3TOM MOryT ObiTb CHHTE3UpOsaHbl KOHTAKTHbIE 
VU GECKOHTAKTHbIE AATUVKV PA3SNWUMHbIX TEXHONOFHYeCKUX MaPaMeTPOB: MAsIbIX PACCTOAHUM, TONUIMHbI NUCTOBbIX 
MaTepvanoB, PACCTOAHUYA DO OObeKTOB, YPOBHA BeLUecTB B OyHKepax, PaCCTOAHUA AO ABUKYLLErOCA OObeKTa U 
FO CKOPOCTU, MU3N4eECKUX CBOVCTB BELUECTB, B TOM 4UNcNe nepemelwaembIx No TpyGonpoBojaM. 

BbiI6opom uvcna 3O0HAMVpoRaHunW (Yvcna YO) mMoxKHO O6ecneunBaTb TpeSyemyloO 4YBCTBUTENbHOCTb 
AaTH“KOB VW TOUHOCTL u3smepeHui. Hanpumep, 3a cyeT npuMeHeHuA k (k=2, 3...) YO B AaTUNMKax YpOBHA 
BeLueCTBa (VNKM PaccTORHYAR AO KONTPONUpyemoro OObeKTa), B KOTODbIX UCNONb3ylIOTCA MOAYNMpOBaHHble NO 
YACTOTe SNEKTPOMALHMTHbIe BONHbi, MOXKHO MPOV3BOAMTb U3MEPeHUA, MMe NOMPewWHOCTb AUCKPeTHOTO OTCYeTA 
YOOBHA (paccToAHuA) Ax,=c/Z2k Af, YTo B AnanasoHe AeBNAayMN YacToTbl Af=2 TT (B YacTHOCTH, B Npesenax 
9.11 [Ty) ectb Ax.=7.5/k cm. SagaBan Tpe6yemMylO TOYUHOCTb U3M@PEHMA YPOBHA (paccTOAHMA), MOKHO 
onpenenuTp Heobxogvmoe uucno YO cyHTesmpyembix gaTunkos. Kpome Toro, B Tex cnyyanx, Kora 
YUYBCTBYTENbHOCTbh AaTYVKOB WM TOUHOCTb U3MEPeHY ABNAIOTCA DOCTATOYHbIMM MW NOBbILUATb UX He TpeOyeTcA, 
npumMexeHve MHOrUx YO no3sBoNnNeT yrpocTuTb NpakTHYeCcKytO peanu3zallVkO V3MeEPMTeNbHbIX yCTpOMcTB. Tak, B 
BbILIENDUBENEHHOM MPVMEpEe MOXKHO B K pa3 CHY3HTb Avana3soH Af AeBMvalWU YaCcTOTbl, YTO NCKMHOUaeT 
HEOGXOAMMOCTb MPUMeHeHUA reHepaTopos c Gonbluow MeBNaLWen YaCTOTHI. 


ili. Saxnsrouenne 


MHOro30HAOBbIe BaTuViki JNA U3MEPeHUA pasnVvnbixX HESTIEKTPUYECKMX BENUYUH, OMMCAHHbIe BbIWE, 
MOryT ObITh peaNnv3soBaHb! u Ha Base Apyrux Muv3sny4ecKUx, B YACTHOCTU BONHOBbIX, MeTOZOB. Mpu stom 
OCHOBHOK npotnemou aBnAeTCRH Hanne yHKUWVOHaNbHbIX S/eMeHTOB, obecneunBaroLuUux TpeSyemyo 
KpaTHOCTbh B3aumogelictBnn. LlocturaeMble YYBCTBUTEMbHOCTbh AaTYVKOB VU TOYHOCTh V3MEPeHN NO3sBONsHT 
peWaTb MHOTMe akTyanbHble 3afaun U3MEPUTeEMbHONM TEXHUKM. 
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MULTIPROBE MICROWAVE SENSORS DESIGN FOR MEASUREMENTS 
OF NONELECTRICAL VALUES WITH IMPROVED SENSIVITY 


Soviukov A.S. 
Institute of Control Sciences, 65 Profsoyuznaya St., Moscow-117806, Russia 
tel. /fax (095) 369-3702, E-mail sovlukov@icsan.msk.su 


Synthesized multiprobe sensors are proposed for microwave measurements of nonelectrical values with improved sensitivity. Such 
sensors provide multiple contact or distant microwave sounding of monitored objects. The sensors design is realized through 
circulators or directional couplers introduction into the initial resonator or waveguide sensors. Examples of multiprobe sensors and 
such sensors-based measuring devices design for measurements of the different technological parameters are considered. 
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Axnomauust - Jina pewedua 3aga4 mpupogooxpaHHoro xapaxtepa pa3paOoTaH ontuueckvid GbicrpogeicTeyloulyn 
AaTUnK ANA HeNPePbIBHOTO KOHTPONA BaNbINeHHOCTH OTXOAALIMX ra30B NPOMbILUNEKHLIX NpegnpuaTui. Tip ycnosun 
NpegsBapuTenbHOK rpagyHpoBKu BO3MOXHO W3MePsHVe MacCcOBOH KOHUEHTpauMM nbinw. Mpunymn gelctaus p~aTunka - 
ONTHYeCKHH, COUeTAIOLUM ABa MeTOgZa: AOcop6uUMOHHblit MW MHTerpanbHoro CBeTOpacceAHuA. PaccmoTpeHb! BONpocb! NOCTpOeHKA 
BTOPUYHOrTO NpeoSpasosBarTena . 


I. BBenenne 


HavGonee npvemnembiIMu ANIA NOCTPOEHMA CpeNCTB M3MeEPEHMA KOHLEHTPAUWU NbINeBbIX BbIOpocos 
NPOMbILLICHHbIX NpPeANPUATUM ABNALOTCA ONTHYeCKKe MeTOAbI. OHH HE AMEIOT MHOFUX HEZOCTATKOB, NPVCYLUUX 
APYTUM MeTOAaM HENPEePbIBHOFO U3MepeHNA KOHUeEHTpaMW MbiNW. OnTwyeckve MeTOgbI ABNAWTCA HavOonee 
MPOCTbIMM MM HafeKHbIMU, NO3BONAIOT BLINONHATb U3MEPeEHMA B LUKMPOKOM Qnana3sOHe KOHUEHTPaWM MbInu B 
BbIOpocax MPOMbILUMEHHbIX NpegnpuaTMA. [INA KOHKpeTHOTO CU3NKO-XMYMMY4NeCKOFO COCTaBa MbINU TOYHOCTb 
V3MEPeHNN MOXeET SbITb JOCTATOYHO BbICOKON. 


ll. OCcHOBHAaA 4YaCTb 


VisBeCTHO, UTO MVHTEHCUBHOCTb CBeTa, PpaCCeAHHOrO Nog yom ©) o6temom V, cofepKaliimM B 
eAvHULie O6bema N He3aBUCUMbIxX YaCTHL, BbipaKaeTca: 


08) 
fi(r,n,A,O)N(r)dr 


_ _3A2 Oe = 
Ipac(®) = oad rhe . - | 


} r°N(r)dr 
OQ 
rae lo-UHTeHCMBHOCTh Nagatoujero HeNonsvpusoBaHHoro cBeTa; i(r, n A, © )- dynxuna Mu, nponopynoHanbHar 


UHTEHCHBHOCTM CBeTa, DACCeEAHHOTO NO” yrnom () YacTule paguyca r; Cy- o6beMHaA KOHLIEHTPaUMA YacTuY, 
N(r)-pacripegenenne YacTuu NO pa3smepam. 

Ha puc.1 npvBegeHb! SKCNepYMeHTaNMbHO NonyYeHHble pacnpegenenHua N(r) 4YacTuy NbINW B OxOAALLUX 
ra3ax BpaularoWjevicn OO KUrOBOK New NpoUsBOACTBA OFHeYNOPHbIX MaTepvanosB nocne Bcex cTagMi npowecca 
ouncTKY, U3 npuBefeHHoro pacnpefeneHunA YacTUL, MO pa3smMepaM BMAHO, YTO OKONO 40% BbISpacbiBaeMbIx 
YaCTUL UMeeT pasmMep MeHee 10 mKM (npu Cv=0.1 r/m?), @ Tak Ke BUAHA USMeHUMBOCTb AVCNepcHoro COocTaBa 
OT CTENEHM OYMCTEKM. 

CpaBHutenbHble viccnegoBakvA faTYNuKOB pacceAHuA noKasanu, “To AaTUnKu c O° reomeTpuel 
(HanpaBneHve pacceAHHOrO cBeTa Onv3KO K HaNpaBNeHMio pacnpocTpaHeHvA NpAMOrO CBeTOBOrO NoToOKa) 
o6nagart HanOosiblWM OTHOWeHMeM Ccuran/wym Ana WwMpokoro VUHTepBana pa3smepos YacTuy, oT 1 go 20 
MKM, YTO OGbACHAETCA BbITAHYTOCTbIO WHAMKaTpUc paccenHuA Bnepeg. larunk c 0°  reometpnei 
LlenecooOpa3Ho NPUMEHATb ANA pervctpalun YwacTuy, KOS*PCPULMeHT NDeENOMNEHUA KOTOPbIX U3MEHAECTCA B 
\WUMpOKUX Npegenax , T.K. B OOMacTuv Manbix yrnoB ONpeReNnAHwlylo pONb B pacceAHUN WrpaeT ANcbpaklNoHHaA 
COCTaBAIOLUaA, KOTOpan He 3aBMCHT OT MaTepuvana YacTMubl. 

OgHako, NPVMeHEHvMe MeTOAa CBeETOPACCeAHUA OrpaHUYMBaeT MAKCMMAaNbHOe 3HaYeHVe M3MepAeMon 
KOHUIGHTPal|WU 3-34 HaNvuvA MHOrOKpaTHOrO pacceAHWA cBeTa YWacTMYyaMM MbInu. Ha puc.2 npuBefeHna 
3ABUCUMOCTb NOKA3SAHMUA H3MEPUTeENA OT KOHLIGHTPalWN MbiINU B BbIXNONHOM ra3s0xofe oO KUroBOK neu 
NOCTpOeHHOro Ha Oase paspa6oTaHHoro AaTuuka. AHaNn3 3aBUCUMOCTU pe3synbTaToB Vu3sMepeHMi, NoKa3san, YTO 
NPU NpesbiIWeEHMMN KOHLEHTpauMu nbinuw (C>0.5 r/m3 ANA KOHKpeTHOTO cnyY¥an) HaOniogaeTcA OTKNOHEHKe 
noka3saHvw OT NUHEKHOM 3aBucumocTu. Jinn pacliMupeHuA AvanasoHa W3MepeHMi B KOHCTpyKuUMKO AaTuuka 
BBEDCH KaHan BbINONHANOLLIMA U3MepeHuA NO MeTOAY CBETONOFNOLWeHUA. 
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CrpyktypHaa cxema KOMOuUNMpOBaHHoro “aTuMKa npvsefeHa Ha plic.3. Cxema COMEPKUT VCTOYHHK 
P&aCCeAHHOrO CBReTa 1, UCTOUHMK NpoxoA”AWwero cBeTa 2, nepayro ontuyeckylo cucTemy 3, racuTenb 4 npsaMoro 
nyuka cBeTa, Auadparmy 5, oTpesoK 7 ra3s0xofja CO BXOJHbIM CMOTPORLIM OKHOM 6 A BbIXOZHEIM CMOTPOBbIM 
OKHOM 8, BTOpyio onTMYecKyio cuctemy 9, choTogveg 10, npegBapuTenbHBIl younutenb 11, KoMMyTaTop 12, 
ABYXKAHaNbHbIA CHHXPOHHbIN AeTexTOp 13, ycTpovicTBo wHguKauYM u/uniM pervctTpaunu 14 u YCTpOuUcTBO 


ynpapnenus 15. B KaYecTBe UCTOUHUKOB CBeTa VCNOMb30BaHbI! N/M CBETONSNYYalOLUNe BYODbI C = 0,66 MK. 
PacCeAHHbIA YaCTVLIAMA NMbINM CBET OT NepBoro vCTOUHNKa 1 paccerHHoro cBeTa wn Mpowenotuvwz C 
MACTUMHbIM NOTMOWEHUeM CRET OT BTOpCro UCTOUHYKa 2 NpoxoARMerO CcBeTa Yepe3 BbIXOMHOe CMOTpPOBOe 
OKHO & noctynaeT Ha BTOpyi0 onTuYeECKylO cucTemy 9 u cboKycupyeTcR Ha csotosvone 10, roe sHeprun cBeTa 
npeoOpasyetcr B aneKTpyyeckyio aHepruio. YcusieHHbil, NPeABaPVTeNbHbIM ycunuTenew 11, cvrHan c 
motrogvona 10 noctynaet Ha Bxog A aHanorosoro KOMMYTaTOpa 12, KOTODbIA HanpaBnnetT ero Ha OAMH U3 
BbixonoB AT wnw A2 B COOTBETCTBYM C ABONUHbIM KOZIOM Ha appecHbix Bxonax Si uv S2, BbipabaTbiBaeMbIx 
ycTpovicteom 15 ynpaarieHus. OAHoBpemeHHo ycTpoiictsao 15 ynpasnexur CopmupyeT ONOPHbIN curHan, 
KOTOPbIM NogaeTcH Ha Bxog B KomMmyTaTopa 12 4 Ha TaKTOBbii BXOO ABYXKaHANbHOFO CHHXPOHHOrO AeTeKTopa 
13. [pia stom uMnynbcHaA NocnegoRaTeribHocTb Ha Bxose B KOMMYyTAaTOpa 12 OocyLUeCcTBaNAeT AONONHUTENbHYyIO 
TO00%-ylo AMNNUTYAHY}O MOLYNALIVIO BKNIOYeHHOFO YCTOUHUKa cBeTa, peanu3syA naysy mexpy BpeMeHem 
3acBeTKH NepBoro 1 VM BTOpOrO 2 UCTOUHMKOB cBeTa, HEOSXOAUMYIO ANA Bbif;eneHuA CUHXPOHHbIM AETEKTOPOM 
13 nonesHoro curHana. Npv atom ofVH KaHan CcVYHXpOHHoro Aetekropa 13 BbigenseT CcurHan, NMponopLvo- 
H@lbHbI MHTEHCUBHOCTU PaCCeAHHOFO CBeTa NPV BKMHOYEHHOM NEPBOM WCTOYHUKE 1 CBeTa, a BTOPOK KaHan - 
CUFHaN, MPONOPUMOHaNbHbIA WHTeHCMBHOCTH Mpowenluero cBeTa Mp BKNMIOYRHHOM KMCTOUHUKeE 2 cBeTa. 
Yerpoutctao 14 vnguKayun chbuKcupyeT pesynbtat u3MepeHnA NapamMeTpos. 

Aina ucKnioueHUuR WCKAKeHUA pesynbTaToR U3MepeHuA 3a CueT 3anbIneHHocTN CMOTPOBbIX CTeKON 
HEOOXOAMMO He ACNYcTUTb NonagaHiA W OCeAMaHUA Ha HUX 4YaCTHY NbINn. [INA sTOK UeNY MOKHO VCNOMb30BaTb 
OOAyB CTEKON YNCTbIM BO3LYXOM. 


lf], SaxnioueHne 


Pa3paOoTaHHble JaTuuki CUCTeMbI MOryT GbiTb KaK CAMOCTOATENbHO, Tak MB COCcTaBe aBTomaTuuecKol 
cucTeMbI. Bo3moxKHO NpuMeHeHve ANA yripaanerHuA paboToM ONNCTHbIX CoopyxKeHMit npesnpvaATun camoro 
pa3Horo npoduns. 

OCHOBHbIe KOHCTPYKTVBHbIe M TEXHUKO-SKCNNYaTAaUMOHHe NoKazaTenv AaTuuKa aanbineHHocTn OTXOA- 
LIX fa3oB: 

BBICOKNE SKCNNYATaUMOHHbIe UW MeTpONOrMueckne XapakTepUCTMKM DaTYnka B LUMPOKOM AMana3oHe 
V3MEPACMbIX KOHLIEHTPaUM 3aNbINEHHOCTH- NOFPEWHOCTb U3sMepeHUA <25 %, 

cnaOan 3aBVCUMOCTb MOKasaHui OT CbU3suKO-XUMUYeCKUX CBOUCTB MbINY, AVvana3oH KOHLIEHTpPaLUY 
nbn 0,05-4 r/’, coctas nbinn MOHO-, NONMVAUCNepcHbil, 

BbICOKOe ObIcTpoAevicTBue- BDeMA VaMepeHUA <1 Cc, 

BOSMOXHOCTS AUCTAHUMOHHOFO NONYYEHMA Pe3yNbTaTOR U3MepeHHiA u COrpAKeHUA C MUKpOrIpPOLec- 
COPHSIMM = CUCTEMaMI, BbICOKaH HaME)KHOCTb. OPMeEKTUBHOCTh AATUMKOB CHCTeMbI ONpegeNnAeTCH UX MaNbIM 
BNUAHVEM Ha XOA W3SMepHeMbIX NPOLECCOB, TOUHOCTbHO UY ObICTpONeCTBUeM BbINONHAeEMbIX V3MepeHuir. 

KOHCTpyKUMA QaTHuKa OTNMYAETCA OT V3BECTHbIX NpeferibHOM MpocToTOM, UTO MOxXeT NoO3BONUTb 
peanu3o0BaTb WupoKoe BHEApPeHue paspaborTkKn. 


OPTICAL HIGH-SPEED SENSOR FOR ROUTINE MONITORING 
OF DUST DISCHARGED BY INDUSTRIAL ENTERPRISES 


Evdokimov V.V., Demjankov 1.F. 
KTURE, 14 Lenin St., Kharkov-310726, Ukraine 
fax (0572) 40-91-13 “S 
Sidorenko G.S. 
SIA “Metrology”, 65 Mironositska St., Kharkov-310078, Ukraine 
fel /fax (0572) 43-61-93 


An optical high-speed sensor for routine monitoring of dust loading of gases discharged by industrial enterprises was developed to 
solve the problems of environment contro!. Dust mass concentration measurement is possible under the preliminary concentration 
conditions. The sensor operation principle is an optical one which combines two methods: absorption and integral light scattering 
with 0° geometry (the scattered light direction is close to the straight light direction). Application of these methods allows to obtain 
high operational and metrological characteristics of the sensor in wide range of dust loading concentrations being measured with a 
weak dependence of indications on physical and chemical properties of the dust. The probiems of the secondary transducer design 
were considered. 
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NPVEM UW OBPABOTKA QAHHbIX QUCTAHLMOHHOO 3OHAUPOBAHVA 3EMIIN, 

NOCTYNAIOLUNX CO CNYTHNKA “CIYH-1” O KAHAN 466,5 My 

B.B. BanaSakos, B.D. KyNvWieHKo, A.B. MamnkOs......cccccsscsscssrscsecsrssssceocesseceusssesusesussecrsuaraneesescverseseueseseceneseseseee 494 
RECEPTION AND PROCESSING OF THE EARTH REMOTE SENSING DATA, 

COMING FROM THE “SICH-1” SATELLITE ON THE CHANNEL OF 466,5 MHz 

V.V. Balabanov, V.F. Kulishenko, A.B. Malkov 


ABYXNETNEBON HEMOAYNATOP YM-CUTHANOB 

LOTT. Nonapes, WK. Carrapos, M.D. TroxTVi......cccscssccssssssssccsceccsssssssssscerssecscssecsssvssceesceesucrsecsseassereseusascsserseesuece 496 
THE DOUBLE-LOOP FREQUENCY DEMODULATOR 

Yu.L. Loparev, |.K. Sattarov, M.F. Tyukhtin 


MOMEXOYCTOMUUMBOCTb U S®MEKTUBHOCTb KACKAQHOU CUCTEMbI CBA3U 

B.H. BpoHHnkos, V.A. TeHuwenko, B.VU. NUTBUHCHKO.......ccccscccsscsssessessccecssscseresseressansessesecececsescesseneecencacssessereus 498 
DIGITAL METHODS OF TRACKING AND FOCUSING IN REPRODUCTION LASER SYSTEMS 

V.N. Bronnikov, |.Ya. Denishchenko, V.1. Litvinenko 


AHANK3 NYTEM ONTUMUSALINYK HEMOZYNATOPOB 

CATHANOB CHYTHUKOBOPO TENEBUDEHKMA 

JVM. SIOOKOBAS, BM MICGKUB iisicscsscassenaccssacestscaddisonecssetvsecscsacaceisaceceuecacddadlnveeusesdeadsouadcsucesucatescedeccessscbevavacsodgencecaesue. 502 
WAYS OF OPTIMIZATION OF DEMODULATORS OF SATELLITE TV SIGNALS . 
L.M. Lobkova, V.M. Iskiv 


Application of demodulator, optimized for image signals, is offered. The demodulator consists of two channels, where 
isolate treatment of sound and image signals is made. The treatment is made in view of peculiarities of spectrum of satellite 
TV signals. Validation of the chasen treatment method and a flow chart of the demodulator are given. Liquifiable gain in 
signal/noise ratio is determined. Requirements to the single elements of the flow-chart for making the maximum of 
signal/noise ratio, are detailed. 


THEORETICAL GAME SYNTHESIS OF SYSTEMS 

WITH ADAPTIVE PARALLEL PROCESSING OF IMAGE SIGNALS 

Va MIANIQGOGOV, UL. ALOU iis eiacuecsssadeiccscccssansaasaccesescscde dessesascaysactcssapehuau ns vudssec eibiuvdieatevea owsbeastemssnciecieiauincohciceode 
TEOPETUKO-UFPOBOU CUHTE3 CUCTEM C ADANTUBHOU 

NAPANMNENbHOM OBPABOTKOU CUTHANOB M3OBPAKEHNA 

B.K. Mapurogos, UJI. Acbouur 


Teopetnko-vrpoBo cuHTes cucTem nepepaG6oTKY cHrHanoB w30GpaxKeHuA OCHOBaH Ha NpymMeHeHH agantHBHoro 
MapannenbHoro NPEALICKAKEHUA WU KOPpeKTMpOBaHKA curHanoB, Mpep”BapuTenbHaa O6paOoTKka curdarios w30HpaxKeHna 
HeoOxoguma B TeX chyyanx, Kora nepegaya curHanos K CMeTeMe pacno3HaBaHuA oGpasos “nu aHanv3a us0SpaxeHvit 
OCYLAECTBNACTCH MO OTHOCUTENbHO MPOTAXKEHHbIM KaHanamM CBA3M, paOoTaloluuM B YCNOBMAX CNOXKHOM NOMeXOBOL 
o6cTaHoBKH. NMoKasaHo, YTO CUCTeMbI Cc afaNTUBHbIM NapannenbHbIM NpeAbICKaxKeHVeM MU KOPpeKTMPOBaHKeM cHrHANoB 
UMEIOT NPEAMYLWECTBO NO CpaBHEHHHOd C CUCTeMaM, MCNONb3ylOLUMM agantnBHoe nNocnenoBaTeNbHoe NpesAbicKaxenne, 
KOTOPOE BOSpPacTaeT C YBENNYGHUEM CTENeEHN KOPPeNALMOHHbIX CBA3e/ B OOpaSaToIBaeMom cHrHane. Tak, BbIMrpbil B 
achcbexTUBHOCTH coctasnae;r 3*10*, 
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AxHomauus - PaccMoTpeHbi XapakTepucTuKn paguomeTpuyeckoro oGopyfopanvA VC3 wu meToguka KanuGpoBKn 
oOpaGorkw HayYHOw MHcbopmauun, oGecnewuBaloulMe WsMepeHve nNpocbunA Temnepatypb! Mv  nosBoNstouMe onpesenntb 
XAPAKTEPUCTUKH NCACTHNAMLIE NOBEPXHOCTH MO A@HHbIM, MONYYEHHbIM B 4-X YACTOTHbIX AMarnazoHax. j 


1. BsenenHne 


CTaHuv HaKNOHHOrO 30HAUpOBaHMA aTMOcdhepbi, paboTatoujue B CaHTMMeTpOBOM AMana3s0He BONH 
ABNAIOTCA BaKHbIM WHCTPyYMeHTOM dbu3vueckux ABNeHWA B aTMOcdepe. OHU NMoO3sBONAIOT NpoBOAUTb 
V3MEPeHNA, KOTOPbIC HEBOSMOKHO BbINOMHYTb C NOMOLUbIO FaTYNKoB, paSoTarouMx B APyrux cnekTpaNnbHbix 
AMana3zoHax (vkcppakpacHoM, BYAMMOM 4 ynbTpadnonetosom). Kpome Toro, TexHONorvA ANA  cTAaHuMM 
H@aKNOHHOTO = S3OHAMPOBAaHUA ABNAeTCA NEPCNeEKTUBHOK MW AOCTATOYHO pa3BUTOH ANA NPUMeHeHMA CTaHUMi B 
ONEPaTMBHbIX CUCTeMaX MOHMTOpVHTAa. 


Il. OcHOBHAaR YacCTb 


OYHKUMOHaNbHaA CXeMa pagMomeTpuueckoro o6opyfoBaHua mpenctaBnevHa Ha pucyHKe 1. B cocTaB 
sToro OOopyAORaHMA BXOANT 4-X KAaHaNbHbIN payvomeTpuuecku NPMeMHUK WM CKAaHMpyrouwlan Napabonuyeckar 
@HTCHHA (PUC.2) C COBMELICHHbIM 4-X KaHasibHbIM OOnyyaTenem Mm pedbneKxropom. Pecdbnektop npegctasnaer 
co6onw yceyeHHbIf MapaSonovg gavametpom 700 mm. AHTeHHa o6ecnewnBaeT nonyunknouganbHbi o630p 
NOACTUNAOLeN NOBEDXHOCTU Np yrne OTKNOHEHVA OT HanpasneHus Ha Hagup 40 yrn. rpan. 

YpoBeHb SOKOBLIX NenecTKOB aHTeHHbI OKONO 25 AB, a KoacbcbuyMeHT paccenHnua < 5 %. 

NpocrpatcTBeHHoe paspelweHve pafvonpKocTHOM Temnepatypb! coctasnret 0,8-0,95 oT WUDUHb! 
AviarpaMMb! HanpaBnentHoctu ( oT 1 Ao 4° B 3aBUCKiMOcTH OT Avana3soHa YacTOT). 

Paquometpuyeckve npvemMHuKY pivana3soHoB 0,8, 1,35, 2,25, 4,3 cM MpVHMMalOT cHrHan gByXx 
OPTOTOHaNbHbIX NONAPY3aL|M, YYBCTBUATENbHOCTb KaHanoB B CpeAHeM He xyxe, ¥em 0,15 K npn ycpegHeHuu 1 
¢ B nonoce 2,257Ty. KanuOposka kaHanoB ocyujecTaNAeTCA C NMOMOILbK) OMHOrO reHepaTopa wyma, 
oecneunBalolwero LuymMoByto Temnepatypy 300°K, u xonopHoro Kocmoca (4°K). 

Samaya Bocco3sfaHuA Npoduna Temnepatypel, a TakwKe BNaxKHOCTY UW CTpyKTypbI Nog”CcTunatolmel 
NOBEPXHOCTH pelueHa C NOMOUIbIO NNOocKOCNoKvcTOK Moen cpegfbi, rae ANA KaxKgoro i-ro cnon cuvTaeTcr 
3aNaHHOU MaTpulia Nepegaynu | 4; |, WlyMoBaa Temnepatypa Tj 4 3afaHa BHEWHAR TemMnepatypa dora Ty. 

Npv Ha6niogenun curHana, Npowepwero Yepes cnoxHytO CTpyKTypy, B Avana3soHe yrnos 8j cnegyer 
UCNONb30BaTb CHCTeMy yYpaBHeHuii: 





2 (1) Oi ~ 
1 Tivei ~ 1 To16i 1 
To = Toe] + Ty 
14,6; T1163 
D7 1,03 
i=2 
(n—1) (n—1) (n) (n) 
tbo er 7 Lite) 717 Fane 
+, WP n-1 Thi n + n TR . 
11,6: baat 11,61 
11,01 
i=l 
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Tne Tame} - SHEMSHT MaTPUUbI Nepexoga ANA 3aHaysHMA yrna Oj. PeweHwe cuctemb! yOaBHEHMA ANA LWYMOBbIX 
TEMNEPATYP MO3SBONAET PEKOHCTPyYMPOBaTb BEPTMKANbHbIA NpPodiirib Temnepartyppl. 

NpegqnoxenHElA MeTOA NOIBONAeT BOCCOSAaTp NpoduNnk TeEMNepatypbi OT BbICOTbI C TOUHOSTbIO 0,5- 
3% NOW 3anaHHokK owMGKe B ONpPeneENeHNM NONOKEHMA CNYTHMKA. 

CVIMECTBYIOWIGe KOHTPONBHO-M3aMepuTeNnbHoOe OGOpYAOBAHNe MO3BONAeCT VU3MeDMTh XapakTepucTuKn 
PaQVOMeTpNYeCKOK @HTEHHbI B QMana3oHe 8-100 [Ti Ha OCHOBe ycoRepWweHcTBOBaHHOrTO MmeToga 
“ViCKYCCTBEHHOM NyHbl", TOUHOCTh MaMepeHuA KAZ uv KoadbcbuuMeHTa yCUuNeHUA aHTeHHb! He xyKe, 4wem 0,5%, 
KOS@CMLIVEHTAa PaCCeAHMA - HE xyKe, YeEM 1%. C NOMOUIbIO STO METOAUKM MOKHO NMPOBOMTb v3mMepeHHe 
NaPaMeTPoB GHTEHHb! C panvoMerpom Ha OoOpTy UCKYCCTBEHHOrO CNYTHMKa, MPVv sTOM ONpenenvetTcA BNVUAHVe 
CNyYTHHKa Ha NapaMeTpbt panuomeTpuyeckoro komnnekca. 

MeTof0M BTOPMYHEIX VCTOUHMKOB monyyeHo MaTemaTuuecKoe onucaHue cbnykTympyroujero nons, 
MA3nyYa@eMoro 3EMHOW NOBeEpXHOCTbIO M Mmpowenwero Yepes aTmoccdepy C dNykKTyYMpPyYKHOLWMMY NapaMeTpamn. 
AxHanv3 cvfHana, mpoweswero Yepes nrockuA cnoh c dNyTyMpyIOUMM 3HaYeHHYeEM guoneKTONYecKor 
MPOHVYaeMOCTH NPY MeANeHHbIX CTALIMOHAPHbIX CbNyKTyaLMAX MokasbiBaeT, YTO dnykKTyauVA NapameTpos 
NPMBOAUT K HONONMHUTEMbHOM LWYMOBOM KOMNMOHEHTe BbIxOogHoro curHana. Nony4YeHb! OUEHKM YPOBHA LUYMOBOH 
NOMeXN, CBASAHHOM Cc dnyKTyalMAMM aTMocdeppl. 


li. Saxnioyveune 


PaccMOTpéHb! xapakTepncTHKH MHOrOYacTOTHOTO pagvMomeTpuyeckoro oGopygoBaHuA WU MeTORUKK 
KanvOopopKu, oOecneyunBalouine NocTpoeHne npodusin Temnepatypb! C TOUHOCTbIO AO 3 %. 


EQUIPMENT AND METHODS FOR RADIOMETRIC MEASUREMENT 
OF SURFACE AND ATMOSPHERE NOISE RADIATION 


Bragin |.V., Morozov A.A., Bragin 3.1., Maslova N.S., Sgibnev V.P., Maslov S.E., Pobedonostsev K.A. 
Special Design Office of Moscow Power Engineering Institute 
14 Krasnokazarmennaya St., Moscow-111250, Russia 
tel.: (095) 2734001, fax: (095) 3625576 
Mikhailov V.F. 
Academy of Aerospace Instrumentation, 67 Morskaya St., St.Petersburg-190000, Russia 
tel.: (812) 2107036, fax: (812) 3157778 


The characteristics of radiometric satellite equipment which provides the measuring of temperature profile and characteristics of the 
researched surface with the help of data, received in four-frequency ranges, have been considered. 
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MPAEM VW OBPABOTKA JAHHbIX 
BUACTAHUMOHHOMO SOHAMPOBAHVMA 
SEMMV, NOCTYNAMLIMX CO CHYTHKKA | 
“GI4-1" MO KAHANY 466,5 MPu 
Bana6anos B.B., Kynuwerko B.®., Mankos A.b. 


HUM paduomexxuyeckux usmepenuy, 310054, XappKoe, yr. Akad. [aerioea, 177 
men. (0572) 26-41-83 








AHHOMAUUS - PACCMOTPCHb! TEXHMYECKHE, SKCNNYATALIMOHHEIE UW VHCDOPMaLHOHHbIe OCOGeHHOCTH CbYHKLIMOHMpOBaHMA 
CTaHLMA npwema uv oGpaGorTKv CcnyTHHKOBOM wHdbopmauun PAIMIP-466. 


|. Baenenne 


Kownnekc mpv6oposp AVCTaHUMOHHOrO 30HfMpoBaHuaA Semnv (133) Ha cnyTHuKe “Ci4-1" BKTIMOUaeT 
MHOPO30HasIbHbIe CKAHePHble YCTPOMCTBa Manoro uv cpefshero pa3peuieHuA MCY-M nu MCY-C, a Taloxe 
KOMNNeKT pagMocusvivecKonK afnfapatypb! (PPA) - paspaGoTkn HUYVPU: pannonoKkalWoHHyO cCTaHiynto 
Sokosoro o630pa PIIC BO u CBY pagnometp PM 08. Onav copmupoBpaHus cTpoK v306paxeHKuA OopToBble 
npuHopsl pabotatoT B PexXUMe CKAHMPOBAHVA 3afhaHHOM Nonocb! o630pa co cKOpocTEto 4 cTpoku B ceK. -MCY- 
M, P®A uw 50 cTpok B cek - MCY-C. Kagp u306paxxeHna chopmupyetTca 3a cueT noneTa cnyTHuKka. TaHHble OT 
KAHANOB CKAHEPHbIX YCTPOMCTB MW MpUuOopos POA obpa3yioT BuaeocurHan Cc BDSMeHHbIM YANOTHEHVEM KAHasIOB. 
fink copmyupoBaHua paguocurHana ucnonb3syetcA YacTOoTHaA MOfzyNAUUA KONebaHuA c HeCyLeW YaCcTOTOU 
466,5 My. NpoformkutenbHocts ceaHca CO CNYTHMKa MOxKeT cocTaBnATe 10 MUH. NPY HeMocpegACTBeHHONM 
nepenaye v6 MUH. Now BocMpoN3sBeAEHMU Cc GopToBoro 3anomMUHalOLero YCTPONMCTBa. 


ll. OCHOBHAaA UACTb 


Ha3eMHar ONbBITHaR CTAHLIMA Npvema (CIT) PAQMIP-466, paspa6boTaHHan HUMPU u pacnonoxKeHHanr 
H@ U3MePUTeMbHOM MYHKTe BOnW3K Tr. Epnatopuu, BKmoUaeT CNeAAULYIO AHTEHHY, PAaQWOMNPUeMHOE YCTPOUCTBO, 
annapatypy MeMOaynALWY Wo CHHXpOHM3alMM, annapaTHO-nporpaMMHbIA KOMNNeKc BBOga U perucTpauun, 
KOMMINeKT mporpamM o6pa6SoTKu wo KOMMBbIOTep (K), 4YTO OBecneYuMBaeT BO3MOXHOCTY ripveneveHnar 
VHCOPMaLIVOHHbIX TexHonorH. C momoiubto K He ToMbKO ocylecTanAeTcA mocneceaHcHan obpadotKa 
VHDOPMaUMV, HO VU BbINONHAIOTCA B PeaNbHOM MacluTaSe BpeMeHN CNeAyioWWMe CPyYHKUMM: 

noporpamMMbawr pacnaKkoska Mo KaHanam “4 npvHOopam MW NOcTpoYHaR NpYvBs3Kka BXOMHbIX MAHHbIX, 

CbopMVpoBaHVe pacTpoBbix “usoOpaxeHnw, oTOBpaxKeHve WX Ha SKPAHe MOHUTOpPA K uv 3aNnvCbh UX Ha 
KeCTKMU AUCK B TeMNe npvema, 

BpeMeHHan MPUBA3KA CTPOK NMPMHMMa@eMbIX N3I00paKEHMK C MOMOLUbIO MeTOK CHCTeMb! efMHoro 
BCeEMeHM. 

HacCbILUGHHOCTb BbINONHAeCMbIX CYHKLMA C YYeTOM CKOpOCTM NOCTYNNeHUA BXODHbIX OTCHeTOB - 480 
KGant/ic wv OB beMOM WHCopmaLWY 3a OAKMH ceaHc go 170 MoOaur o6ycnosynn pBbibop K co cnepyrouwmmMu 
XapakTepuctuKkamy: npoueccop Pentium, BHYTpeHHAA wuHa PCI, o6b6m HDD - 1 [6alit, TaktoBan YacToTa - 
60 MIu. 

1.TexnHuyeckue oco6eHHocmu 


~ 


B WeNAX YOCWEBNeHMA YW COKDaLUGHMA ChOKOB Npuw co3spaHKMM CTAaHUMY ObINU MCNONb3OBaHb! Yy3Nbi 
fPUeMHOU annapatypb! BekameTpOBorO AVaNa3scHbl BOFIH U OMbiIT Poccuu 8B CO3qaHVM NOAOBHbIX CTAHLINN. 
AHT@HH@A CHCTeMa CTaHuMA npenctapnvAet co6o0w dasvpoBaHHyto pelwerKky u3 408 sBuOpaTopos, 
oSecneyvBaloluylo LWMPKHHy GvarpaMMb! HanpasneHHocTw (1H) no ypoaxto -3 AB, paBHylo B yINOMeCTHO 
nnockoctu 5 rpag. B pexume y3Kov QH unu 15 rpag 8 pexume wWHvpoKkou IH. YnpaspneHve ABY.KeHKeEM AHTeHHbI 
OCYLUGCTBNACTCA B PeKUMaX ABTOMATMYeCKOTO CONpoBOKZeHHA uw MporpamMMHoro HaBegeHuA. Mpobnema 
MPOXOKMEHNA “MEDTBOM” 3CHb! - NNW COMPOBOKAeCHMM TDaeKTOpUM C KYNbMUHaLMeHK BbIWwe 75 rpag. - pewaetcr 
B pexKuMe NpCrTpaMMHOro HaBeAeHMA Cc Nepexogom Ha wWMpoKyto AH. 

PanmonpvemHoe ycTpoucTso ofnagaeT napametpamyu, Npu KoTopbIx obecneywnBaeTcA nNpeBbIWweHVve 
curHana Ha WYMOM He MéHee, YemM Ha 20 Ab np TpaekTOpUAX C KYNbMUHaLIMeH He HMKe 12 roag. Npu Takom 
NpeBLiweHun OOecrieuvBaeTCA HOPMaNbHan pabota YacTOTHOTO geTeKTOpa WM CHMHXpOHM3aTOpa cTaHLuy. 
Nockorbky Qvarnia3soH paboTtbr Cll ucnonb3yetcA ANA coTOBOM pagwoTenedoHHOK cBA3H MW ANA Apyrx 
PaAMOTEXHUYeCKUX CNeACTB, BOSHUKaeT NpOoSNema 3alluTbI OT NOMeX, HANMYWNe KOTOPbIX MOKET NPVBOANTb K 
CObIB€M CHHXPOHW3aUWMH MM YXYQWeHMIO KayYeCTBa NpUHYMaeMbIX W3s06paxeHun. B ycnoBuAXx CcNOKHOK 
CUTH@SIbHO-NOMeXOBON OOCTAHOBKY B CTAHLIVM NPeAYCMOTPeHO BKMHOYUCHNE ABTOKOMNMeHCaTOpa NOMeX, KOTOPbIN 
NOAABNAST COCPEAOTOYeEHHbIe NO cnexTpy nomMexuw He MeHee, 4eM Ha 20 AB. 
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29KkcnnyamauucHHbie ocofbewHvHocmu 


YHVKaNbHbIA xXapakTep KaxKgurO ceaHca npvemMa WHdopmaliMn co chyTHMKa TpebyeT BbICOKON 
HafE.%KHOCTH Y3NIOB CTAHUMM W UX NAGCTOAHHOW roToRBHocTH. HafexXHOCcTb AocTuraeTcn pesepBupoBaHnem 
OCHOBHbIX Y3NOB MW BO3SMOKHOCTbIO WX ONepaTMBHOrO mogKnioveHua. Mpopepka roToBHOcTH BCeX y3noB, 
BKMMOUaA CnelwanbHoe nporpammboe oOecneyeHve, ocywecTanreTcr nogkioueHvem uMUTaTOpa curHana. Bo 
BPeMA CeaHca onepaTopaMi CTAHLIM OCYLUECTBNSeTCA KOHTPOMb C NOMOLUbIO W3aMepuTerbHbIX Mpu6opos, 
NOGKMCYEHHbIM = B Ppa3HbIX CeYEHMAX NpwveMO-pervcTpupyrolwiero TpakTa: BbIXOZ paguocurHana Ha 
MPOMEMYTOYHOK YacTOTe KOHTpPONMpyeTcH Cc NOMOLUbIO aHanu3aTopa chiektTpa, BbIXon gemMopynATopa - c 
NOMOLUbIO OClMIIOrpada, pabota CUHXpOHM3aTOpa - C NOMOLbIO YacTOTOMeDa WV, HaKOHeU, Ha 3KpaHe K B 
Temne mpuema oToOpaxatoTcr n306paxKeHUA, NDVHUMaeMbIe B Pa3HbIx KaHAaNAX., 

B cTaHumu npefycmMoTpeHa cTaTUCTMYNeCKaNn aTTeCTaUWA CUFHA@NbHO-llOoMeXxOBOK OOCTaHOBKM BO BpeMA 
ceaHca. B Ka4ecTBe O606LeEHHOrTO COOTHOWeRMA CYrHan/noMexa UCNoMb3yeTCA WUaBeCTHAR B CTATVCTMKe 
XapakTepucTuka - pacctorAHve Bxatayapus [1], KoTOopan yuuTbiBaeT Kak sHEpreTuUeCcKve pasnuunA curHana Vu 
MOoMexuW, Tak MU pasnvuvn dopmb! UX cnekTpa. Kpome Toro, mpenycmoTpeHa oueHKa aucnepcuu 
CPNYKTYALMOHHBIX LWYMOB Ha OAHOPOAHbIX yYacTkKax NpVHnMaemcro w3s0GpaxKeHuA, KOTOpaN xXapakTepusyeT 
NPMrOAHOcTh M300paxKeHuA ANA AanbHevWwer TemaTuYecKonK o6paboTKu. 


3S.MHmdopmMauuoHHble oco6eHHOocmMuU 


NocneceaHcHan o6pa6oTKa NPMHATHIX N3OHpaxKeHUK MOKET COMEPXATb OT OBHOFO AO TPEx aTANos. 

Ha nepBom stare ocywectTBnAeTcA nepBuYHan OOpabotKa: reomeTpuyeckan wv panvomeTpuyeckaa 
Koppekyun, reorpacduyeckan npuBasKa. fina HavYanbHOUW NpuBAsKU UCNoNb3syeTcA GannuctTuyeckue pacers! 
TPACKTOPUM NOACNYTHUVKOBbIX TOYeK. YTOUHEHMe reorpaduyecko NPUvBASKM MpPOBOAVTCA C UCTIONb3OBaHVeM 
ONODHBIX TOUeK HW ONIEKTPOHHbIX KOHTYPHbIX KaDT. OTAN 3akaHYUBaeTCH COCTABNEHVeM AHHOTALIMH. 

Ha BTOPOM sTane npoBoguTcA NpepBapvTenbHaA COpaGoTka, ynyywatoujan KAaYeCTBO MPVHATbIX 
vsoOpaxKeHii WM BKMOYaIOLIaA TOM paagena: crnaxKuBaHve WYMOB, NOBbILIEHYe NOKANbHbIX KOHTpacTos Vu 
rpaAauuounyto Koppekiinio. HaSop npouenyp B KaxAom pa3sgene oToGpaH c yyeTom cnetndbuKu u3z06paxKeHnun, 
NOAYYCHHbIX OT SOPTOBbIX NpuSopos. 

Ha TpeTbem sTane npoBoquTcA TemaTuyeckan OOpaboTkKa, Cofep Kalan cTaTucTuYecKue Npouesypbl 
cermMeHTayun, Knaccudbukatjun c o6yyeHnem HU BbIZeNeHUA 3aQ4aHHbIX KNaccos [2]. 


ll. SaknioyveHne 


Mpuv npueme fadHpix 1133 co enytHuka “Civ-1" no KaHany 466.5 MTy 8 oTnuuue of KaHana 137 MTu 
oOecnewuBaeTcA BOSMOKHOCTL perucTpayun noToKka ukcbopmayuu MCY-C 6 pexume 50 cTpoxk/cek., a B 
pexkume 4 cTpoxu/cek. peanusyetca Havebicuee pa3spetueHve GopTosbix gaTunKos (PMC BO, PM 08, MCY-M). 


iV. Crincok nuTepatypbi 


[1] Oykykara K. Baegenue 6 craTucruyeckyto Teopuio pacnosHaBaHur oGpasos. M.: HayKa, 1979. 368 c. 
[2] BariaSakos B.B. Knaccucburayua aspoxocmuyeckyx u3s06paxkeHuii Np pasnvuHOM ypoBHe anpuopHolt uncbopmauun // B C6. 
Metogb! oOpaSorkn curHancs uv none. YnbAHoscK, 1995. C. 44-53. 


RECEPTION AND PROCESSING OF THE EARTH REMOTE SENSING DATA, 
COMING FROM THE “SICH-1” SATELLITE ON THE CHANNEL OF 466,5 MHz 


Balabanov V.V., Kulishenko V.F., Malkov A.B. 
SRi of Radio Engineering Measurements, 271 Ak. Paviov St., Kharkoy-310054, Ukraine 
fax (0572) 26-41-12 


Technical characteristics of the RADMIR-446 station of reception, developed by SRUREM and introduced into operation at the 
measuring post near Yevpatoria, are given. Operational peculiarities, the main of which is statistical certification of reception 
conditions, are considered. Possibilities of the after session processing which includes geometrical and radiometrical correction of 
images, their geographical referencing, improvement of the quality and topical processing, are given. The results of images 
processing from satellite “Sich-1" have been taken as illustration. 
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1O.J] Flonapes, U.K.Catrapos, M.®.TroxTuy 
Kasa@uckul 2ocyOapcmeeHHbild mexHuyeckud yHueepcumem uM. A.H.Tyrioneea 





Assomauug - PaccmatpysatoTcn cnoco6bt CHMKeHMS noporopero OTHOWeHYA cHrHan/uym nov gemogynaunn UM 
curHanos. Accnegyetca AByxneTneBol AeMmopyNATOpP, NCCTPOEHHbIM Ha OCHOSE CMCTeMbI ChasOBOM ABTONOACTPOHKM YACTOTb! 
(DAMY), oxSaveHHoOH AONoNHMTeNbHOM NeTNeA oOpaTHow cBas3n mo yactote (OC), ¥TO No3BONFReT YMEHbWKTb WHAeKC 
MOAYAAUMK B TpaxTe M4 w goGuTbes, Takum OOpa3somM, yMeHbINeHMA Nopora. YuutTb!san To, YTO B CNyYae UCNONb3OBAaHNA B 
KaYeCTBE TETEPOAYHA NpVeMHYKa CMHTeSaTOpa YACTOTb! peanvsauMA OCU 3aTpyqHeHa, npeAnaraetca nmpuMeHeHve B AAaHHOM 
cryyuae CXEMbI CAHTEZaTOpa © MOHIMKGHVEM YACTOTE! TETEPOAMHHPOBAHKeM, OCYLIECTBMNsA saMbikaHve neta’ OCU uepes netnto 
MAM cuntesaTopa “YacToTh!. MipwBogutcA pearin3yioujan ofMcbiBaeMble pelueHuA CTPYKTYPHAaA CxXeMa TIOHEPpa CNYTHMKOBOrO 
TeNesuAeHun. 

i. Baenenne 


B cBA3H C Pa3sBUTMeM CET BELUATENbHbIX FEOCTAL|IMOHaPHbIX cNyTHYKOB NpvoBbpetraeT Bce Oonblwyto 
AaITYAaNbHOCTb paspaboTKa MPVEMHbIX CHCTEM, CMOCOOHbIX OCYLIECTBNATh MpvemM WM KaYeCTBEHHYHO 
AeMosynAUMtO cnaObix CHrHaNnoB Ha rpaHtjax 30H OOCNYKMBaHMA KW MDM pasNVYHbIX NOTOAHbIX YCNOBUAX. 
Kayectao mpvema Np 3TOM B 3HaYNTeNbHOUM CTeNeHU 3aBUCUT OT NOporoBblx CBOvcTA AeMOopYyNATOpa UM 
CWIHANOB, YTO NPEDbABNAET NOBbIWEHHbIe TpeGosaHuA K ero cxeMoTexHuKe. Llenbio HacTOALWen padoTe! 
ABNAeTCH paspabotKa W uccnefoRaHne NomexoycToMunsoctw AByxnetneporo YUM-gemogynarTopa. 


li. OCHOBHAR YaCTb 


B paguoTexHuyeckux CucTeMaX pa3NMYHoro HasHayeHMA ANA NpYemMa YaCTOTHOMOZYNUpOBaHHbIx (UM) 
CUIHANOE YaCTO NPVUMEHAIOT PEMOAYSIATOpbI, NOCTPOeHHbIE HA OCHOBe CHCTeMb! chas0B0K aBTONOACTpONKu 
yactote! (PANY), HasbiIBaeMbie TakOKe CMHXDOHHO-cba3x0ebimu peMonynaTopamu (COA). Oxku o6nagatot 
SH@YMTENbHO FYYLWUM MOpPCrOBbIM OTHOWeHMeM cHrHan/lwyM (nmoporom), YeM, HanpvmMep, AMeTeKTOpb! 
OTHOWeCHMH. TlanbHelWwero CHWKEHYS Mopora MOxXHO fo6uTbcA, oxBaTuB CO pononnutTenbHonw netTnerK 
o6paTtHoW cBx3n mo Yactote (OCU), nocKkonbky ero fnoporoBbie CBOMCTBAa 3AMeETHO 3ABUCAT OT uHAeKCca 
MODYNAUMM Ha ero Bxoge [3]. PaccmMoTp4M OAH M3 Cnocobos ocyLuectaneHun OCU. 

Knaccnyueckan cxema OCY aaKxniouaetcan B Nogaye curHana c Bbixoma UM-fpemopynstopa Ha reTepogVn 
NpVviemMHYKa, BbINOMHeHHOTO no cynepreTepoguHHOKW cxeme. KoneGaHun reTepoguvHa, Takum o6pa3om, 
OKa3bIBAIOTCA NDOMOAYNVPOBaHHbIMY MO YaCcToTe, YTO NPUBOAUT K YMEHbLWEHVIO MHAeKCa MOAYNALIMM B TpaKTe 
NY. Onnako B cnyyae UcNornb30BaHNs B KaYeCTBe reTePOAMHa CUHTe3aTOpa YACTOTh! peanu3saliuA TaKOW CXEMb! 
3aTpyDHeHa. 

U3pectHa CXeMa CUHTe3aTOpa YaCTOTbi C NOHWKEHYEM YACTOTb! FeTepOAWVHMpOBaHNemM, Y KOTOpOTO 
curHan Ha AenvTenb’ YacTOoTbl NocTyNaeT HE HENOCPeACTBEHHO c reHepaTopa, yripaBnaemoro HanpA»KeHKeM 
(TYH), a c FONONHUMTeNMbHOrO CMeCUTeNA, BbIZeNAIOLUerO CUTHAN Pa3sHOCTHOM YaCTOTb!: fow=fryy-faoger. MIOHATHO, 
YTO B STOM Cnyyae BbIXODHAaR YacToTa [YH 3aBUCuT OT YaCTOTbI T.H. reHepaTopa “nogcTaBKu’. Mpegnaraetca 
BapvaHT OCU, rip KOTOpOM curHan c Bbixoma CO] mogynupyet no uactoTe KoneGaHuA WMeEHHO reHepaTopa 
“NOCTaRKN”, &@ BbIXOMHOM CUrHan CHHTesaTOpa YaCTOTbI OKAXKETCA Take NPOMOZYNKMPOBaHHbIM MO YacTOTe B 
pesyribtate paGoTbi ero cuctemb!t DANY. Takum o6pa3om, 3ambikanve netnu OCU npoucxoguT yvepes netnio 
MANY cuHTesatopa YacTOoTbI. 

ill. Saxnroyenne 


PeaynbTatbl UCCNeAOBaHUA FOKa3bIBaloT, YTO OCyUecTBNeHve OCU BO3MOKHO MW MPM UCNONb30BaHUK B 
KayuecTae revepoquna MpveMHVKa CHHTeSaTOpa YacTOTbi. Kpome Toro, GnarofapA UHEpUMOHHOCTH netTnn CAMY 
CMHTe3aTOpa NeTnA OCU B STOM CNnyYae MOXKET BbINONHATS MU CyYHKYMKH CHcTeMbI ANU. 


iV. CnuMcok nutepatyppb! 


[i] Knenrisp Dox., Dparin fbx. Cuctemb: chas0Bou 4 YaCTOTHOM aBTONOsCTpOKKM YacToTel. Nep. axrn. nog peg. Pomuua. - M.: 
Sueprus, 1977.-440 c. 7 

[2] KaHtop N.H., Lopocbees B.M. Nomexoycto#unBoctb npvema UM curHanos. - M.: Caa3k, 1977.-330 c. 

[3] Flo6kosa J.M., Ucbkve B.M., Muwapesa H.M., Crenbmax B.B. MonmxeHue noporoBoroe yposHa ZeMoAynATopa NpveMHOW 
CUCTEMbI CHYTHHKOBOrO HENocpeACTBeHHOrOS TeneBu3KoHHoro BewaHun. // B cOopHvuke maTepvanos 3 KpbimcKou 
KoHdepenunu “CBY texHuka HW CNYTHMKOBbIN Npyem", T.3, c.221-224. 


THE DOUBLE-LOOP FREQUENCY DEMODULATOR 


Loparev Yu.L., Sattarov I.K., Tyukhtin M.F. 
Kazan State Technical University n. a. Tupolev, P.O. Box 102, Kazan-420021, Russia 
tel. 8432 388422 


For frequency demedulation threshold signal/noise ratio reduction means are considered. The double-loop demodulator constructed 
on the base of a phase-locked loop (PLL)comprehended by additional frequency feedback loop is investigated. This permits to 
decrease modulation index in the IF tract and so to obtain the decreasing of threshold. In respect that in the case of employment of 
frequency synthesizer as receiver oscillator, realization of frequency feedback is obstructed, the using of circuit of synthesizer with 
downconverting is suggested. In that case frequency feedback loop locks via frequency synthesizer PLL. The scheme of satellite 
TV tuner realizing the described solutions is exemplified. 
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NOMEXOYCTOMMMBOCT bv 





CVCTEMb! CBASH 


B.H.BponHukos, V.A.Devuierko, B.U SursuneHKo 
HUAUKA, 2. HoHeuKx 


Anxomatuius - PaccMoTpeH Kackaghbli MeTog, cbopmupoBaHua 4 npvema cYrHanoB.OLeHeHbl NoMeXCyCTOMUUBOCTb UM 
SCPPeCKTMBHOCTh NEpeAau AVCKPETHEIX COCHWLEHKK B CTALIMOHAaDHOM rayCCOBCKOM KaHane. Moxasaxa BOaMOXKHOCTb NONyYeHuA 
SHEpreTvyecKoro BbivTphiua 8.8.8 d5 npw uncbopmauMoHHow MW u“aCTOTHOM scbcbeimveHoctsax 0,51...0,.6 Mm -14...-16 dB, 
COOTBETCTBEHHO, B ChyY¥ae BEpOARTHOCTH OWMOKY P=0,00001. 


1 .Beenzenme 


KaCKadHple KOgB (KK)uMenorT Handomee BbICOKMe MOMexoyc- 
TOMUMUBOCTH (BP-SsbbeKTuMBHOCTL), UacTOTHYNH (y) U UHbOPMaALMOH- 


Hyd (1) SddexTuBHocru {1...4]. OngHaKo STU XapakTepucTUuKuU 
MOoryT ObITbh Oonee Brcokumu [1]. Lenb pa6ors - nmouck 6onee 
NOME XOYCTOMUNABLIX MM SQMeKTUBHEIX MeETONOB nepenauu CoCco- 
WNeGHYM (C yueTOM BOBSMOKHOCTU peamu3sauNn OWpwMema curHasosB) . 


2.OCHOBHaAR YWAacTL 


PaCCMOTPUM TMOMECXOYCTOMYNYBOCTB UU ShdbEKTMBHOCTbh mepe- 
Mauw OQBOUUHEIX, PAaBHOBECPOATHBIX, CTATUCTMUUCCKMY HeBABMUCUMEIX 
CUMBOJIOB uwepes TayCCOBCKMUUA CTAUMOHAPHbM KaHall CBABU NA 
ciayuad, KOrQa USBECTHAI BCE HEMHOOPMALMIMOHHBIG MapaMeTpbH B 
mecte npvema. 

bYH€M UCHOJUIbSOBaTbh KOMOMHMPOBAHHyH MOTYyIAUMIO. Mocnen- 
HAA B3akINYUaACTCA B UCNOUNbBSOBAHMUY TBYX ODMHAKOBLIX KOMOMHU- 
POB@AHHBIX MODYJIAUMA KBalpaTypHbIX COCTAaBIANIMxX CurHana. [pu 
STOM MIPOUSBOAMTCA OuvvHapHaA MOaBOBAA MOTYJIAUMA COBMECTHO c M- 
UUHOU (aMIVIUTyY HOM) BPCMAUMNYJIbCHOA MOTYJIALMeN (BUM) . 
ABTOHOMHOG UCNONbBOBaAHNVe O6OUX KBalpaTypHbIxX COCTABJIAIDIUMX 
CUTrHasa OOeCCNeEUUBAED Sonee BbICOKYIO yuacToTHyhb s00eK- 
TUBHOCTb, a IMPUMeHEHMe MHOTONOBMUMOHHOM MOnyNAUMU - 6osee 
BLICOKYH TIOM@XOYCTOMYUMBOCTB. B KauecTBe KONOB 1-ro ypoBHA 
(BHYTDECHHUX) OYHEM UCIONbSO0BaTb OTHOCUTeEMBHO KOROTKUEG KOEI 
UU M@KOPUTaApPHbIe KOUbE (M-Kogb), NOSBOADIMe NpOoMBBOUMTb 
ONTMMAIIbBHOeG (KBaBMONTMMaJIbHOe) WeKonMpoBaHue ([4,5,7...9]. 
B KayeCTBe KONOB 2-TO ypOBHA OyHeM MCNONbBOBaTb (mpocten- 
m4“e) M-uunpe Komp (n2,n2-1,2), mnosBonAnMMe mnpousBOaUTE 
nmpocto BeKoaquposBaunue. 

M-UUHEIA CUTHAaI C yIOMAHYTOM KOMOUHUPOBAaHHOM MaBs0BON u 
BPCMAMMNOYIIbCHOU MOTyIsuMeNm (®BYMM) 6ynem OopmupoBaTL, Kak 


OYHKUMI g = LOG(M) OAHOMMeCHHEIX DBOMUHEIX CUMBOJIOB GQ KOZOBBIX 
CUIGB: Kit. 

MCHOJIb3SYEM asIPOpUuTM Mpuema, BKOUAaDUMM B Cce6A corna- 
COBaHHyhb (KBaBUucormacoBaHHywn) C SJICEMCHTAPHEIIM CUPHasIOM 


QVUJIbTpauMwo, KOTECPECHTHOE TeETeKTMPOBaHNUe WU MHOTOYPOBHEBOe 
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HEKOMMpoBaHue. B pesyJIbTarTe QOwvJIbTpauuu u FerekTupoBaHuan M- 
MYHOTO CUMHaNa UNA MeKoMpoBaHuaA wa 1-mM ypoBHe MmMeetTca 
M=2**Qg CKA@JISPHBIX MNpPOMSBeNeHum MexXTyY MPYHATEM CMTHasOM, 
MUCKaKXCHHEIIM @AlUMTMBHOU PTayCCOBCKOM TIOMeXOM, Uv ero BOB3BMOxX- 
HHMM peagmBaunvamm. BynleM BbOYUpaTb BeEJIMUMHbI BDCMCHHBIX 
COBUTOB B @BUM KpaTHEIMMA QJIUTeCIBHOCTU panuoumMnysIbCOoB @OBYM. 
Torma MHOXCCTBO CUTHANOB OynheT OuopToOroHaJIbHO uu MO mMome- 
XOYCTONYUMBOCTUY TOKXTECTBEHHO O6UOPTOTOHAJIbHOMYy KODy. 

IIpuMeHUM K STOMY CUTHaly Npouenypy geKkomnosuumu [9]. 
MOCHeHHAA BakNIOUaeTCA B NpecOpasoBaHUM YMOMAHYTHIX CKAJIAPHBIX 
NpOMSBeEVeHWuM B JIOTAPUOMb! OTHOWEHYA NpaBOONOnObmA BHAUeHUM 


KOTOBBIX CUMBOJIOB. [osTOMy SB3neCbh wMeeT MeCTO oTCyTCTBUe 
NOTepbh UHDOpPMauMu (rnoTepb B SHEPTETUUCCKOM BBIMYPpplle oT 
KOUJMPOBaHUuAr (OBK)). WexogupoBaynue 1-TO  YpOBHA OyyemM 
TIpOMBBOOUNUTb "B UeMOM" [7] (ONTMMAJIbHOe) WIM aHaNOrTOBOe 
KBaBNONTUMasIbHOe (Npw UCnOUbBOBAaHUN M=KonoB) [4),5.-776)3 
TpM4 KOTOpoM florepw B OBK mpaKkTuyuecKku TCYTCTBYOT (UX MOXKXHO 
HE YUUTEIBAaTb). O6Oa STM mMeTONTa TReKORUpOBaHUA MOSBOJIANT 


OMNpeMeIUTb TBa HauOoyIee BEPOATHEIX BHAUCHUA 


(S$). . S=s== ni 
Yj2 S=1,2 oOueHKM KaKnOPO KOHOBOPO CNOBAaA Y5.={Ysij2}41-1 , THe 


J2=1,n2, ni - KommueCTBO KONOBLIX CUMBOJIOB Yjij2=0,1 Kona 
1-rO ypOBHA KODMpPOBaHUA, M TWOTapuvgdMe! OTHOMICHMA UX MpaBo- 


(22) 40). (2) tae 32) 
NOMOOUA Ajo=Ci2 -C32 >0,Tme Cy ,Cxp - CKAaNApHbIe NPOMUBSBEeHUA: 


(1) nl (1) (2) al (2) 
Cy2=, 213152" (2* 515271) rCja= 2 Lijaj2” (2*Yyiga-1) » = (1) 
j1= j1- 


liji427 YMOMAHYTEIGC JIOTaAPMOMb! OTHOUIGHUA MpaBNOMOROGNA KOTOBBIX 

CUMBOJIOB Yiij2- JlorapugdM oOpaTHOTO OTHOMeEHUA MpaBRononooua 
(21) (12) 

djz2 = -d;. . Ucnonbsya npoBepouvHoe cooTHomeHue Kona (n2, n2- 

1,2),Hammem 2**k2 BOSMOXHEIX BHAUCHUM OLIGEHOK CUMBOSIOB Y422° 


n2 (s) (Sy ee me nee 
Yao ( 2 ~Y4o)+ Y52 mod Ml JZ = 1,k2, (2) 
J 
(s) See 
B JONOJIHEHNME K 2-M yxKe MMeWIMMCA Yj. S=1,2 , -Y - cumBon, 
OOpaTHyM CuMBOIy Y mo cnoxenuio [4], Ml=2**k1l. Jlorapmudmer 
OTHOMCHUA lipapyononooua das STUX 3HaYUeHUN 155 


ONPeUeJIAe€TCA COOTBETCTBYNIIMMY CYMMaM“A OTHOLICHUN MpaBHTOmo~- 


(12) (21) 
MOOUA Aso, dso. CyMMMpOBaHveM 3HaYUeHUN d*;2 CO BHAYUeCHUAMU 
(12) (21) 


djo ( dye ), COOTBETCTByHIIMMA ODHYM UM TEM Xe BO3MOXKHEM 
3HAYUCHUAM OLIGHOK CUMBOJIOB, HaugeM wsOrapndMp! OTHOMEHNA 
mpaBLononoousg NOCJICHHUX. BhiOupadt HauoOoypyme, Havnem 


HauOonee MpaBNONOVOOuLIe BSHAYUCHUYA NepeTaHHbIX CUMBOJIOB Y42 
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Sah met ee ey ee ne 


j2=1,k2 uu trem camem 
HBOUUHBIG CMMBODJIBI. 


HavgeM BeEpOHXTHOCTh oOnMOKM Po 
CUTHAJIbHOKOHOBOU KOHCTPYKLMUK (CRI iy UCHOUIbBYA dopmysry 
MOJIHOU BeEPOATHOCTY VU npupaBHeBadr eNUHULLE YCJIOBHYH 
BePOATHOCTh ONMOKM NpvweMa CMMBOIOB Yj,.,KOTra “UX BHAUCHMA He 


BXOUAT B MHOKECTBA BOSMOXHBIX BHAYUCHMYM, ONpenemaemMpIx (2) 
(Se ‘Se 


ONpeeNUuM NMepelaHHple WUHDOPMALIMOHHBIE 


mpueMa paccMoTpeHHoOU 


“Xap 8° AZ. Torna 
Po*Pig* Pap? tt Pia* Cl Pa) + (Pig) * Pig) * Pit (-Pia) * 11 Pi) * Poy (3) 
rye Py"exp[-Q*D+ln (No*N,)-0,.5*1n (4*z*OFD) |] (oj, (4) 


Q - OTHOUCHMe SHEPIMuU SIIEGMCHTaAPHOM MOCLIIKU K 

CNEKTPaJIbHOU MIOTHOCTU MOWHOCTMY wyMa No; 

No,N, ~ KONMUCCTBA MUHMMAJIbHEIX paCCTOAHUM Mexry 
OUOPTOTOHAJIbHBIMM CUTHAaJIaMM Uv KOTOBLIMM 


CHOBaMM 1-TO YyPCBHA KODMPOBAaHMA, 
eS Gere Ke Kao) (ig ny ta) ¢ 


(5) 
No, Ko,dg - Mapamerprr Ov“opToOroHasIbHOTO KOna (no,ko,do), 
SKBUBAJICHTHOTO YNOMAHYTOMYyY M-My CIMTHAaJYy, 
k, ~ KOJIMUECTBO UHDOPMALIMOHHEIX CUMBOJIOB 1-ro YPOBHA 
KODUPOBAaHUS, 
Bagi dpe [074 (6) 
Bay a oP) Pe Ky (7) 
Po. * exp {-O*24D+ in (Ns) =075* 1440 OF 24D) 1, (8) 
No = Ko ok Ree (ho) 72 es) 


- KOJIMUCCTBO MYUHMMAJIBHEIX PaCCTOSAHMYM MexTy 
KOTMOBbIMM CJIOBAaMY 2-TO ypOBHA KODMUPOBaHMA. 
BCPOATHOCTB OMWMOKM, TIPMxOWAMlaaCcd Ha OUH O6uT nHbopmauun 


[6], 
Pe = “Po*do*da*do/ (mo* m4 *n2). (10) 
Ilo 3anaHHOMy SHay¥eHMIO Ph us (3...10) onpenenum sHep- 
TeETMUUCCKYHO SOPEGCKTMBHOCTE | 1 | B = 1/9. YUactTotTHad Uu 


UYVHQPOPMAUMOHHaAA SOOECKTMBHOCTM PaBHbI COOTBeETCTBeEHHO [1] 

pore gt a hee (ie 2 kas n= y / log(1 + y/B-). 
Una Ps =0,00001 B Ta6Bnuue NpuBeneHH peBsynbTaTE! pacue- 

Ta NO MpPMBeENeCHHbIM QOPMyNaM QA UWUHPOPMALIMOHHOM sddeK- 


Pat TTY CPR SAY A ES PI 






(64, 7) y=] | No=64, ko=7 No=32, ko=6 
PLZ eo) R=1/2 ny=21,k,=11 ny=21,k,=11 
AB Pe das 6 I g | d 8 l s; 8 
Ay,aB | ~13,9 -6,3 -16 -14 
FL D0 =? 
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TABHOCTM WU BbIMTpEIem B SHepreTuueckow AB = B + 9,6 OB u 
K 


uactotHomw Ay = y ~ 3 uB sddextuBHoctax KCC no otHomeHmi 
CUCTEMEe CBABM C OBYXKpaTHOM asOBOU mMOnylAuMeNm (Korga Nn = 
0,47, Ay = AB = 0). Tam xe npuBeneHE! xapaKrepuctuKn 


KaCKaJHbIx KOZTOB (KK), CocTaBIGHHBIxX “3 KOTOB Puna-ConomoHa 
CI2 7495) [4], (511,479) Lory OUOPTOTOHAJIbBHOTO (04,7) u“ 
CBEpTOUHOTO CO cKOpocTbd R=1/2 uw KODOBbDIM OTrpaHnueHNeM v=7. 
M3 TaOsIMuUbl cmengyer KOHKypeHTOCNOcOobHOCTB KCC no SHEpTeTuU- 
YUECKOM UA UHPOPMALIMOCHHOM sddeKTMUBHOCTAM. 


3. Baxnmouenne 


PaCCMOTPp@€HHad KacKalHad CuCTeMa CBA3M KOHKYPeCHTOCNO- 
CcoOHa MO CpaBHEHYH C PaCCMOTPeCHHEIMM MO MOMeXOYCTOMUNBOCTH, 
HO ycTynaeT MO YaCTOTHOM SddeKTUBHOCTM. OHaKO B pane cuy- 
waeB STO He ABJISE€TCA HeROCTaTKOM. Hanpumep, MHOT LA 
UCNOIbSYNDT IYMOMNONOOHHe curHasb (WIC) c 6onbMOM UuacTOoTHON 
M3ONITOUHOCTBO UM He noyuaor SHEprTeTMuUueCKOTO BEMTpba 


(AB=0). B TaKux cilyuasax paccmoTpeHHasd cuctTema cCBA3MU ABIA- 
ETCA KOHKYPECHTOCNOCOOHON. Hpu osTrom uenecoo6paBsHOo 3aMeHUTEL 
UCHOJIbSYEMbIeE BHECbh PaQUOUMiTyJIbchl Ha TMMIC. 
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DISTURBANCE IMMUNITY AND EFFECTIVENESS OF CHAIN COMMUNICATION SYSTEM 


Bronnikov V.N., Denishenko I.Y., Litvinenko V.]. 
Research Institute of Complex Automation, 2 Batishev St, Donetsk=340004, Ukraine 
tel. (0622) 58-72-54 


The disturbance immunity and effectiveness of discrete messages transmission in gaussian stationary channel by means of signal- 
code construction, including biorthogonal signals, modulated by cascade code binary symbols of the same name, has been 
examined. In the 1-st cascade the majority code is used, and in the 2-nd - M-th code (n, n-1, 2) is considered. The reception 
algorithm includes the matched filtering, synchronous detection and multilevel “decoding”. In the first level, as a result of information 
decomposition, logarithms of likelihood ratio of code binary symbols are found. Analog “decoding” is implemented. As a result of 
that the most probable values of M-th symbols and their logarithms of likelihood ratio are found. Using the latest and code checking 
relationships (n, n-1, 2), the values of M-th and binary symbols are found. It is found that at the error probability of reception of 
binary symbol P = 0.00001, at information and frequency effectiveness of 0.51...0.6 and -14...-16 dB, the power gain is 8...8.8 dB. 
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AHAJIM3 NYTEM ONTHME3ALMM HEMONYIATOPOB 
CHPHAJIOB CITYTHHMKOBOLO TEIEBH JENA 


JIM. Jlo6xosa, B.M. VicbKup 
Ces.PTY, 335053, Cezacrononn, Crpeneukas Oamka 


AHHOTanHa 

Jina MNoOBLIMcHHA KayecrBa M306paxkeHus pH mpveme cHrHasos 
CHYTHHKOBOrO TECICBACHHA C MalIbIM YPOBHEM Ipemiaraerca McnoND30BAaHuE 
ACMORYIATOPa,  ONTHMHM3HPOBaHHOTO JIA CHTHaOB H306paxKeHus. IIpu 9Tom 
ACMONYIATOP COMCpKHT Ba Kahala B K@KNOM 3 KOTODpbIX MIpOW3BOJHTCH 
pa3qenbhas OOpaborka cHrHajioB 3ByKa H W306paxKeHUs COOTBETCTBEHHO. 

OOpa6cTka npo“3BonHTca Ha  ocHoBe yucTa ocoOenHoctTeli cneKtpa 
CHYHANOB CHYTHHKOBOrO TejleBHgeHua. IIpupoxutca oGocHosaHue BbIOpaHHOro 
MeToHa oOpaOorTKH , CIpykTypHas cxema ACMOfyiaTopa. Oripenenena sBenmunua 
OXHAACMOLO BBIME pba B OTHOLICHHH CHrHam/yM, JeTann3HpoBaHbl Tpes6oBaHHa 
K OTICNbHBIM 3yleMeHTamM CTPpyYKTYPHOH CXeMbI JIN NOMVYCHHA MaKCHMaNBHOrO 
OTHOMCHHA CHrHaI/IyM Ha BbIXOe MeMonyusTopa. 


I. Beenenue 

Ip npreme curHanos ciyTHHKOBOrO TeneBUICHHA (CTB) c Mambmm ypopHem 
Ha BBIXORe MCMOTyIATOpa NOABIAIOTCA MMMYJIbCbl NOporoBoro wtlyMa, KOTOPBbIe 
BbICIARAT Ha W300paxKeHHH B BUC KOHTPAaCTHBIX 4YepHbIX u GeNbIX WITPHXOB H ear 
H300paxkeHHe HEIPHTOAHbIM UIA BH3yabHoro BocnpuaTua [1].CurHanbt 3ByKoBoro 
COHNPOBOXKTCHHA, NepeqaBacMble C NOMOIMIbIO YaCTOTHOH MOJYIALIM MOMHECYIIHX , C 
BhIXONa MeMORyIATOpa MOCTyMawT B KaHall 3Byka , rae mocue Y3KONONOCHOH 
DHIbTpalw WeTeKTUPyIOTCAH uaACTOTHLIM HeTeKTOPOM KaHasla 3ByKa. Bnarogaps 
TaKOMY cnlocoby Nepezau CHrHasIbl 3ByKOBOrO CONPOBOXKTCHHA CYILCCTBEHHO MeHbIIe 
NOTBEPKeHbI JCHCTBHIO NOPOTOBbIX WyMoOB. B cBs3H C 3THM CTONT 3alaua co3qaHHa 
NPHEMHOH CHCTeMbI curHason CTB ONTHMH3HPOBaHHOH JUIa CHTHaIOB H306paxeHua. 


Il. Ochosuan Yacts 

Jia pelienua stoi 3ana4an HeobOxonHMO TipOahasIM3HPOBaTb OCcObeHHOCTH 
HepetaBacMoro CHrHaia C TOYKH 3peHHA BO3MO%XKHOCTH BBINeNeCHHA CHTHATOB 
H300paxKeuHa. 
- Iipu nepeyaye curuanosn CTB Hecyijadt MOAYIMpyetca mo wacToTe CyMMoii 
HOWHOYO HBETOBOLO TeIeCBH3HOHHOrO CHTHala H CHHasOB 3BYKOBOrO COMpPOBOKTeHHA 
PaCHONOKCHHBIX Ha NORHeCyINMX B Mana3zoue oT 5.5 no 8 MIn. B cas3u c TeM,4TO 
CHTHaJI H300paxKeHHA ABILAeTCH NepHoTM4ecKUM CHIHaJIOM, OH MOET OBITE pa3s102KeH B 
pil Dypbe,“,nockolbky Ha nNepexaromelt CTOPOHe cieKTp cHrHana w306paxenna 
Ol PpanHAHBacrca CBépxy YacToTOH FB= 6 MI'u yuna crangapta SECAM a Fe= 5 MT Ik 
aia craujapra PAL [2], curnan u306paxeHnua mMoxer 6bITE MpeCcTaBieH B BHTe 


KOHCYHOH CYMMBI: 
N 


U()=2Si -cosQi- t+qi) . (1) 
i=0) 
Torga 4M curnan Oyner umerb BHI: 
N 


Usm= = Uo - Re(exp j -(@o-t +0) TI exp j - (mi -sinQ.i-t+@i))) , (2) 
i=0 
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rye: Mo=2 - 7 - fo - Hecynlas 4YacToTa, Mi=Mai/Qi - WANeEKCbI YacTOTHOII 


MO]YISAHMM, Oai =Kam - Si - epvalyaa Yacrotst, Kam - kpyTH3Ha MOJIYIALMHOHHOM 
XapakTePHCTUKH MOJLYIATOpa. 
C yyerom cpolicts pyHkuuit Beccens [ 3 ] , NIOWYYCHHOE BLIPAKeHHE MPHMeT 


BAI: 
No 
Uun= Uo - Relexp j 40 (2 In( mi) -exp(j-((@o+n -Qi)-t+n- gi+0)))} | : (3) 
i=0 n=-oo 


B COOTBETCTBHHY C MOJIYYeHHBIM BbIpaKeHHeM , CHEKTP MOJYIMpoBaHHOro 
CHrHana Oyler cogepxKaTb ,B OGiem ciyyae , GecKoHedHbItt HaOop cocTaBILALOUIUX C 
‘acTOTAaMH = ,_— ss OTIPECNAICMbIMH «KOMOMHALIMAMH = Fa@PMOHHK — COCTaBIAKOUIIX 


MODyiMpyiowjero curHana Qi Wpyr c WpyroMm uc Hecyuei YacroToL wo. YposBHu 9THX 
TaPMOHHK ONPeCHAIOTCA MPOH3BeCCHHeM COOTBETCTBYIOIUMX 3HadeHHii (byHKUH 
Beccesa. 

Ilpoanamu3upyem coctas cnexrpa UM curnana mist KOHKPeTHOTO = cory4aag. 
Bo3bMeM B Ka¥ecTBe mpHMepa MOAYIMpyOulero CHrHala BUeCOCHTHaN B CraHyapte 
SECAM Tuna rony6oe none Ha MHTepBasie Nepeyqayn CTpoOKH cozepxKauteii 
WBeTOpasHOCcTHbIH curva B-Y. Tipu stom B Bueocurnane OyeT MIPHCyTCTBOBAaTb 
HOCTOAHHAaA COCTABIAOUlad M NoOWHecyiad CMrHana Beta. Jia BbIOpaHHoro curHama 
ACBMAaAHA YaCTOTh! NoAHecyweH OynqeT MaKCHMAasIbHOL u pasHow 280 Ku, To ecTb 
aGcOJOTHOe 3HAYeEHHE UaCTOTbI NOAHecyWieH B 3TO Bpema OyzeT paBHo Fi=4.686 MI 
a amnutyna Si=0.35 B. Tipu nuxosoii nespuaunu uacrore: fr=16 Mr, kpyTH3Ha 
MORYIANMOHHOK  xXapakTepvcTHkH MogsynaTopa: Kun=f/S=16/0.5=32 [MIu/s], a 


WANCKC MOAYIAMA mi=Ku - Si/Fi=32 - 0.35/4.686=2.39.Torna UM curuan B 
COOTBECTCTBHH C (3) IpHMeT BUT: 


oO 


Usw = Uo-2In(m)-cos((@0+nQ 1) -t+91+90) . 
n=-0o 
Takum 06pa30m B CleKTpe BbIXOHOrTO CHTHana OyNyT MpHcyTcTBOBAaTb 
cocTaBILMoOle C 4acTOTaMH fotn - Fi 4 OTHOCHTeIBHBIMH aMMIMTY amu PpaBHbIMH 
Jn(2.39). 3HaueHna amnnMTya MpVHBeTeHbI B TaOmue |. 


TaOnnua 1. 
3HaYeHHA AMMUIMTYE COCTaBIAIONIX cnexTpa UM curnana npn m=2,39 


| fo OF: | fot 7Fi | 
0.003 | 0.0006 


ecIM mpeHeOpeyb rapMOHHKaMH C ypoBHaMH 
MeHbure 0.01 , ro MocraTOuHO MpHHATS BO BHUMAHHe lrapMOHHKH C HOMepaMH Jio 6. 
/[s1t CHrHasla 3ByKOBOrO COMpOBOXKTeHHA Ha noyHecymen 3Byka F2=6.5 


MI'y v4 amnumryzoi S2=0.1 B nomyyaem numexc MOJYIAHA m2=32 -0.1/6.5=0.49, 
OTHOCHTeJIbHbIC 3Ha4eHHA aMIUIMTY A Ji(m2) IpuBeyensl B Ta6muue 2. 
Ta6Omuua 2. 
3Ha4eHHA AMIMIMTYI COCTAaBIIAIONINX cnextpa UM curnana npu m=0,49 


_J:_|0.941 [0.238 [0.029 [0.002 0.00007 
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M3 oro ta6muubr BugHO, YTo mo | MoxHO YUHTLIBATh TapMOHHKH Cc 
HOMepaMH JO 3 BKIHOUMTeEbHO ( TO ecTh BCero 7 COCTABIIAIONLUX ), @ OCTa@ibHEIMH 
MOXKHO lipeHeOpeyp ( Tak xe Kak uta Jn). Torna o6muit UM curnan OyJeT HMeTb BHI: 


6 
n=Ref Uo “exp j-(@0-t +@o) | 2X Jn( mi) -exp(j-n-(Qi-t +1) X 
=-6 
3 
x{ EJ(ma) -exp(j-1-(Q2-t+ gy }] (4). 


=-3 

Ha pucyuxe | mpencrapnen Buy cnexrpa G/(f) nomyyeHHoro curHama, rie 
uudpamu 1-6 ormeyenbl cocrapsiaromne COOTBCTCTBYIOINHE CHrHaly u306paxKenna, a 7- 
8 - CHrHally 3ByYKOBOrO conpopoxAcHHa. Tpnuem , nockombKy nmosryyeHHple CNCKTPbI 
CHMMCTPHYHbI OTHOCHTEIBHO YacTOTLI fo , Ha pUCyHKe NpeycraBlena TONbKO 4aCTh 
CICKTpa, JleKallad BbIMe UacToTHI fo . 

M3 Bbipaxenusa (4) CICHYET, YTO KaxKWad CHeKTpalibHad COCTaBIIMOINAaT 
CHrHala M300paxkKeHHa MepemHoxaeted c KaxKnott COCTaBILAIOIIeH CheKTpa cHrHasa 
3BYKOBOrO COlpoRoxjieHus. Beseyqcrsue 9Toro BO-nepBbIx paciimpserca o6mas 
IUHPHHa CHCKTpa, MW, KaK ClI¢QCTBHe, LIyMOBas MOmOca MpHemMHoro YCTpolicTBa, Bo- 
BTOPbIX SHeprHA CHTHaa, HecyLero MH@opmanuto 06 w306paxKeHHH oka3biBaeTca 
paccpeHOTOuCHHOH MO BCeMy cCIIeKTpy HM 3aMellaHHOL c MHopMaHeli 3ByKOBOTO 
COnPOBOACHHA. Pas qeIMTb 9TH KOMMOHEHTHI (PHIbTPOBLIMH MeTOaMU HEBO3MO2KHO. 

IIpoOsiema MoxerT 6bITb penicHa B TOM cryyae, eC YMCHbIIMTb wHAeKC 
MOAYIAMM INL BCCX COCTABIIMIOWIMX CIeKTpa HCXOQHOFO CHrHasa, a ITO BO3MO2XxHO 
TOIBKO TipH Mepexowe OT yacTOTHOH MOLynauMM kK da3z0Boii (IIPHMepbI TIOOG6HBIX 
npeoOpazopateeli MOXXHO HaliTH B [4]). B stom cryyae BEIpaxeune (3) IIPMMeT BHI: 


Noo 
uaw=Re[Uo -expj -(wo-t +po) {TI (ZJn(m) expG-n-Qi. t+qi +n/2)) + | (5). 


i=0 n=-co 
Bpi0pas wHyeKc MOANA BOcTaTOuHO MaJIBIM (m<1) Berpaxenne (5) 
YHpOMlaeTca, H B HEM OCTaIOTCA KOMGHHALMOHHbIe COCTAaBIAIOMINe TOKO nepBoro 
nopagaKa: 


N 1 
uow=Re[ Uo - expj-(wo-t +90) {TI (ZJn(m) expG-n Qi-tegi+n/ay)}] 


i=0 n=-] 

Buy cnexrpa ®M curuana gna toro xe MCNbITATCMbHOTO CHrHayIa lip 
m=0.2 mpeycraBneH Ha puc. 2. M3 3xroro PHCyHKa BHTHO, 4TO CHeKTp yupocruica u 
TOABHaCb BOSMOXHOCTb C MOMOUIbIO (PHAbTpa C NoMOCoH MponycKanua oT fo-Fs tO 
fotFs (TO ecrb ¢ WHpHHO noNOCHI nponyckanna 10 Mu ana crannaptra PAL u 12 
MI ans crangapta SECAM) spiemtp 13 oOllero cieKTpa KOMIOHEeHTBI HecyuyHe 
HHopMatno 06 w306paxenun. Ec B kayecrpe MOC IyMa IIpHHATb HOPMAaJIBHbIii 
OeIbIM WIYM TO BBeeHHe TaKoro (bulbTpa TIpHBeyeT kK YMCHBINIEHHIO MOUIHOCTH LilyMa 

Ha BXONe KEMONYIATOpa COOTBETCTBEHHO B 2.7 4 2.25 pa3a, un Ha 4.3 u 3.5 Wb. 
IlockobKy YacTb CheKTpabHbIXx KOMIOHCHT, H€CylIMX HHopmann1 06 
W306paxecHHH,HaXONHTcaA 3a MpetetaMH NHOWOch Mporyckanua ulbTpa u 6yzer 
HORaBIeHa, TO MOUIHOCTb CHrHasla Ha Bxoye HeEMOAyIATOpa HECKONbKO cHu3HtTca. pn 
STOM KOJIMA SHCPruy CHTHasa lexKalyero BHe IpeyeNOB MoOCHI IIPONYCKaHHA 3ABHCHT OT 
MHeKCa MOfysAltMu DM curnana. Ha puc.3 ana yKa3aunoli MOeIH CHrHanra mpu 
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fouoce mponyckanus Puubtpa TG 12 MM npexcrapnenpl- 3aBHcuMocTD oT HHGeKca 
MOJIYIANHH OTHOCHTCNLHOW MOIUHOCTH cHruana Pcur y ( T.€. OTHOWIEHHE MOINHOCTH 
CHrHasia Ha BbIxOne PWIbTpa K MOLIHOCTH CHrHala Ha ero BxONe ), 2- 3ABHCHMOCTB 
OTHOCHTCIbHOH MOIHOCTH UiyMa Puryma x , 3- BemHunHa BbIMTpbiilia B OTHOIICHHH 
CHrHas/IiyM Ha Bxoye FeMonynatopa. U3 sroro PHCYHKa BHIHO, 4TO C YMeHbLIeHHeM m 
YMCHBIUAaCTCA MW ROUWA SHEPIUM NONe3HOrO CHrHaNa MOLaBILIeMoro unbtpom ITY. Ho 
PH STOM YMECHbUIaeTCH YPOBeHb CHrHalla Ha BbIXOye daz0Boro weTeKTopa u 
MOBbIMNAaiOTCA TpeOOBaHHA K IWYMOBLIM NlapamerpaM BueoycunMtTensa. [lpaxtuyeckn 
HeOOXONHMO 3ajjaTbca JOMYCTHMbIM YPOBHEM CHVOKCHHA MOMIHOCTH CHrHalla Ha BxOJe 
AeTeKTopa ( HanpuMep 1-2 mpouenta) u no HeMYy OMIpeCIHTb HY2KHbIM MHeKC a3z0Bolt 
MOJLYJEALIHH. 

Hcxoaa v3 Bbilen3oxeNHoro ACMOAYIATOP, ONTHMH3HpPOBaHHbI TIA 
TIPHeMa CHTHAJIOB H300paxKeHHA, JOIDKEH HMeTb CieqyIouMii cocras: mpeo6pa30BaTellb 
4UM-OM, = y3KonomocHbiii @YIbTp Hu a30Bbiit meTextop. Ilockombky curuanpl 
3BYKOBOTO COMPOBOXKACHHA B ITOM WemMoxynatope 6yazyT NOaBIeHbl, TO NapasuiebHo 
ROIDKCH ObITb BKMOYCH ACMOAYNATOP ANIA CHTHANOB 3Byka JuOOoro TpaqHHHOHHOrO 
Tuna. Takum o6pa30M crpyKTypHas cxema ACMORYIATOPa CHIHAaIIOB CIyTHHKOROrO 
TeNeBHACHUA OyeT HMeTh BH MpeycraBnennpii Ha puc.4. 3nech UM/DM - 
NpeoOpa3ozarem UM curnana B ®M curnan, YO - Y3KONOJIOCHbIH @uNbTp, DJ - 
(basoBbiii Werextop, BY - Buyeoycuimtenb, Yt - yactoTubrii yerextop, K3 - xanan 


3ByKa. 


Ill. 3axmouyenne 

M3 ipospeyxeHHOro aHasiH3a MOXKHO coenaTh CHETYIOUHe BHIBOIBI: 

1. J{ua nomyuenua KauecrpeHHoro H300paxKeHHA AeMOAyIATOp cHrHaNOB 
CHYTHHKOBOrO TeIeEBHCHHA OUKeH O6bITh ONTHMH3HPOBaH JIX CHTHAJIOB 
H300paxKenusA, TO ech O6pabaTbIBaTh TOMBKO CHrHAnB H300paxKeHHA MW MOLABIATb BCE 
OCTaJIBHbIe CHTHab! ( B TOM 4HCIIe U CHTHAIIbI 3BYKOBOTO CONPOBOK]CHHA). 

2. Jia BEIeneHua 43 O6mero CeKTpa NPHHHMaeMOLro CHrHasia KOMIOHEHT 
HecyulMx HHPopMaiMio 06 w306paxKxeHnn HeoOxowMMO Tipeobpa3z0BaTh UM curuan B 
®M curuas c MasibIM HHIeKCOM MOJIYJIALIAH, 

3.JiemonyiaTop jomKer COXCpKaTb Ba kKaHasa: OA CcHrHanos 
H300paxKeHHA H Ait CHTHANOB 3ByKOBOrO COMPOBOXKTeHHA. 

4. Bemmrppiit BO BxXOJHOM oTHOILeHUH CHrHaJ/IyM MOXKeT JOCTUraTb 
BeJIM4HHB! 4,3 AB. 

5S. Wngexc (ba3onoit MOAYIU4H §=JOIDKeH BbIOMpaTbCA MaKCHMAJIBHO 
BO3MOXKHBIN, TPH KOTOPOM BelM4HHa ocnabnenva HH@OPMALIHOHHBIX KOMIIOHEHT He 
NIPeBbLICHT 3aaHHyt0. 
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Marigodoy V.K., Afonin I.L. 


Theoretical Game Synthesis of Adaptive Parallel 
Processing Systems of Image Signals 


Abstract-Theoretical game Synthesis of preprocessing systems of image signals is based 
on the technique of adaptive parallel predistortion and correction of signals. Image signal 
preprocessing is necessary when image signals, which arrive at a recognition or image analysis 
system are transmitted via relatively long channels which operate under rather difficult noise 
conditions. 

It is shown that adaptive signal predistortion and correction systems have advantage over 
their adaptive succesive counterparts and improves with an increasing strength of correlation in 
the signal being processed. Thus, the improvement in efficiency is 3-104. 


INTRODUCTION 


Recently new techniques and algorithms for computations procedures for parallel image 
and video signal processing have come into everyday practice [1,2]. The use of new computation 
architectures in preprocessing systems allows a considerable increase in the quality of images 
trasmitted to recognition or analysis systems in the parallelizing mode. 

The efficiency of image signal preprocessing systems with sequential predistortion and 
correction 1s discussed in Refs. [3,4]. Recently the principle of parallelizing has become widely 
used in data processing, especially in pattern recognition systems [1]. Thus, efficiency estimation 
for image signal preprocessing systems with adaptive parallel predistortion and correction is of 
particular interest. 


i. THE EFFICIENCY ESTIMATION CRITERION 


Power (maximization of the signal-to-noise ratio at system output) and mean-square 
criteria (minimization of the mean-square error at recognition system output) can be used in 
preprocessing system efficiency estimation [3]. If there is a conflict in the interaction of operators 
of the system with parallel predistortion and correction (SPPC) and the radio noice system 
(RNS) or “nature”, it appears reasonable to use power criterion. 


2. PARTICIPANT STRATEGIES 


A block diagram of the SPPC is presented in Fig.1. Here, G(o) is the power spectral 
density of the signal being predistorted, K, ;(jo),Koi(jo) , K,;(jo) are the transfer functions of 
the optimal predistortion filters, channels and yhe optimal correcting filters, respectively, N; () 


are the spectral power densities of additive channel noise, > - the unit of coherent adder. 

We assume that the channels, and the additive noise in each one, an independent, and 
that the signals, channels, and noise are Gaussian. Then, Soi (the signal-to-noise ratio at 
correction filter output) can be written as 


JG(o)k; (jo) Ko (jo) 1K, (jo) do 


[N (o K (jo) de “ 


AQ ; 





where Ao, - the afficiency band of every channels. 
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We assume that the channels are ideal aa =1=const} and that the predistortion 


filters in all channels satisty the next conditions IK» ( 9 (jo) = Yk. (0) . Suppose, that the mean 


signal power at the input to each channel is fixed 
aa G(o}IK, (jo) do = P, = const | ) 
on (2) 
Aw, 


The operator of date pre-processing systems seek to maximize (1), and the operator of an 
RNS, to minimize this parameter. Tn this situation, the following game inequality should hold 


min max a max min 7 
Ni(@) Ky (jo) oi (Ki Ni)2 K, ;(jo) N;(o) oi(Ky;.Ni) , (3) 


where K,,(jo}) and Nj(o) stand for “pure” strategis for the operators of a SPPC and RNS 
respectively. 


3. MINIMAX STRATEGIES AND THE GAME VALUE FOR A SPPC 
It has been demonstrated that, strategies of participants can be found by the Table 1. 


Table 1. The strategies of SPPC and RNS 




















SPPC | 
Ni(®) Pox = min $,;(Ky; Ny) 
Kj ,(jo) Go Po < Go 
N, N, 
Ki2(jo) gos p2 < 22 
a a oe No 
Kin (jo) < G, pm) Peal G, 
O- ae N, 
| Pah =max SKN) |p < Se P,Q, =P, < Se 
ie) 





QO 


LEK rr OR FREER ONTS ET ISTE 


and P... are maximum and minimum the capacity for work of SPPC 


min 


In Table 1 P,.. 
respectively, G, - the power spectral density of video signal with regular spectrum, N, - the 


power spectral density of Gaussian white noise. 


The decision of the matrix game |S,, [K, (jo), N, (o)] is given next result 








G 
t I 
ae Ee S (3) 


0 
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In analyzing E, (3) one would conclude that SPPC must fulfil the condition for each 
channels 

; 2 

G(o)|K,(jo) = G, = const | (4) 


The most badly strategie for SPPC is a band-limited white noise in each channels. If the 
strategie of RNS is decline from optimum in a certain of the channels can be found by 


G 
Soi > %. 


4. THE EFFICIENCY SYSTEM WITH ADAPTIVE A PARALLEL 
PREDISTORTION AND CORRECTION FILTERS 


A block diagram of the adaptive SPPC is shown in Fig. 2. Here, K,,, ..., K,, are the 
amplitude-frequency responses (AFR) of adaptive of adaptive predistortion filters, K,,, .... K,, 
- the transfer functions of the nonideal channels, K,,, ..., K,, - AFR of adaptive correction 
filters, K.,,..., K,, - the control channels, A,,..., A, - the spectrum analyzers, N,(o), ..., N,() 


- the power density spectrums of additive noise. 
Cost function in this game can be written as [3] 


1 = | 
Be R= 35 | 1+ G(o) a do 6) 


] 
kK; at Ni (o) 


I 


where R is data transmission rate, n is the number of channels. 
The operator of SPPC seek to maximize R, and the operator of an RNS, to minimize this 

parameter. For such a game te following game inequality should hold [3] 

max min 


2 
, K, -(K,,)} ING 


min max 


R(K,N 
Nu K, ,(K», } ( 


R(K,N} | 6) 


where K and N stand for the “pure” strategies of participants. 
To the same boundary conditions set forth in part 2 the data transmission rate in a SPPC 
is given by 


14 ye 
an R=, fi 1+G(o)|K,,(jo) Nia) do (7) 


The transfer function of an optimal predistortion filter (common to all channels) is given 
by the equation 


2 l ] 


(0) 56) (8) 


where the Lagrangian multiplier 1,, as found from the additional constraint 


Ky, (jo) 
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o @) 


cs [G(0)|K (iodo = Pay = const 
Tt 
0 


Finally optimal strategies and value of game can be found by 


Ni(©) sain = Pf ; 


* _ . n 
min max 7 max mun 7 > F In ‘avi 
; = ir i ; 9 
N; B,),B8); K,;.K,; N; , Pai ) 


where FE, - frequency band of i-th channel, P,,, - the mean signal power at the input i-th channel, 
P., - the mean noise power at the i-th channel. 


S. THE POTENTIAL POSSIBILITIES OF ADAPTIVE PREDISTORTION 
AND VIDEO SIGNAL CORRECTION 


The energy cost of adaptive parallel predistortion and video signal correction system is 
given by [3] 


Np = ~exp[ (a) -1| (10) 


where ais a coefficient of correlation in the video signal, H(a) - the entropy of probability 
density of a. 


CoO 
H(a) =— [P(a)in P(a)da 
0 
In this case (for adaptive parallel predistortion and video signal correction system) we 
one can’t to take into account interline and interframe correlations. Therefore in equation (10) 


the coefficient « take into account only insideline correletion. 
The energy cost of adaptive succesive predistortion and video signal correction system is 
[3] 


i 
Us ame (11) 


where u is the paramiter of exponential probability density 


exp{-pa}, a 20 
Ro) = " Co) a<Q- 


The energy cost adaptive parallel predistortion and video signal correction system, as 
compared with that of a adaptive succesive predistortion and video signal correction system 18 
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6 = Wf | (12) 


4 S 


According to the 625-line Broadcasting Standart a =4-10°. We assume that p =1. Then 
the efficiency (energy cost) from (10) is , = 2.5-10°. The energy cost of adaptive succesive (line- 
to-line) predistortion and video signal correction system under previous paramiters is [3] n, =8. 
Thus, the improvement in efficiency is § ~3-10*. 


CONCLUSION 


In summary, the study reported herein has assessed the efficiency of parallel picture 
signal processing systems. It has been shown that adaptive parallel signal predistortion and 
correction systems have an advantage over their adaptive succesive counterparts. The study has 
covered the effect the statistical properties of the video signal processed in these systems have on 
the actual improvement in system energy cost. The potential possibilities of adaptive 
predistortion and video signal correction have been studied taking into account the ststistical 
structure of the spectrum (paramiters « and y). The expressions for aefficiency TV systems 


gain calculation are obtained. 
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~ 


Teopetuko-urpoBon chHTes cuctem nepepaSorku curHanos yv306paxeHuA OCHOBaH Ha MpwMeHeHMN agantTMBHoro 
napannenbHore npefbickaxeHuA vw KOppeKTHpoBaHua curHanos. MpeszBaputTenbHan oGpaGoTKa cyrHanos u3s06paxKeHur 
HeoOxoguma B Tex Chyvanx, KoTAa Nepegaya curHanoB K CHCTeMe pacno3sHaBaHUA O6pas0B un aHanu3sa us06paxKeHnii 
OCYIMECTBNHeETCH MO OTHOCUTENbHO NPOTAMXeEHHbIM KaHanamM CBA3H, paOoTaloulMWM B YCNOBNAX CNOXKHOK nomexoBoi 
o6cTaHoBKn. NokasaHo, YTO CUcTeMbI C aQanTMBHbIM NapannenbHbIM NpegbickaxeHveM MW KODpeKTMpOBaHueM curHanoB 
UME1T NpevMylWeCTBO NO CpaBHeHmto C CUCTeMaMM, VCNONb3YIOLMMM afantvBHoe NocnegoBatenbHoe npegbickaxenue, 


KOTOpOe BOSpacTaeT C yBeNMYeEHKeM CTeNeHA KOppeNnAyMOHHbIX cBAse 8 OGpabaTbIBaeMoM curHane. Tak, BbIMrpbIl! B 
acbcbexTMBHOCTH CoctaBnaAeT 3 x 10%. 
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NMPUMEHEHKME CHCTEMb! MMDS DNR PACKHPOCTPAHEHYR TENEBUSMOHHbIX CHTHANOB 
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APPLICATION OF MMDS SYSTEM FOR TV-SIGNALS PROPAGATION 

AYu. Atrashkevich 


MHOPOKAHATIbHAR CHCTEMA PASDAYY CNYTHUKOBDIX, SOUPHEIX MK CTYQUMAHbIX 
TENEBMSHOHHbIX APOrPAMM HA CBY | 
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CENTRE OF RECEIVING AND DISTRIBUTION OF SATELLITE, BROADCASTING 

AND STUDIO PROGRAMS AT FREQUENCY BAND OF 11,7-15,5 GHz 

T.N. Narytnik, V.N. Galich | 


SAGAUK YVHTEPPAUMK BELUAHMA K CBASK C UCNONb30BAHMEM MUKPOBOSHOBbIX 
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TASK OF COMMUNICATION AND BROADCASTING INTEGRATION USING 

MICROWAVE INTEGRATED TV, RADIO AND INFORMATION SYSTEMS 

T.N. Narytnik, V.L. Bulgach 


OCOBEHHOCTH VU NEPCMEKTUBbI MAKPOBOSIHOBOK VHTEFPAPOBAHHONM 
TEREPAQUOVH@®OPMALIAZOHHOK CKACTEMbI 

CO CBOBOAHbIM PACNPOCTPAHEHKMEM PAAVOBONIH 
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FEATURES AND OUTLOOKS OF MICROWAVE INTEGRATED TV, RADIO 

AND INFORMATION SYSTEM WITH WAVES PROPAGATION IN FREE SPACE > - 

T.N. Narytnik, V.L. Bulgach, V.N. Galich 
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NPUMEHEHME CUACTEMbI MMDS SIA PACNPOCTPAHEHUA 
TENEBUSMOHHbIX CATHANOB. 


Atpawkesny A.fO. 
A/O “Tenecet", Mocksa 


ABHOTauMa. 


Cuctemb!| MMDS (multipoint microwave distribution system) nonyuunu B nocnegHue 
rofb! LUpOKoe pacmpocTpaHeHve BO BCeEM MMpe B KaYeCTBE ANbTeEPHATMBb! | 
KNACCUYECKUM KaOentHbIM CeTAM, B KOTOPbIX pacnpefenuTenbHaA CeTb CTPOUTCA 3a 
CUeT NpOKNaakw KOaKCVaNbHbIX UNM ONTMYeCKUX Kabened. 

Paspa6botTka uv npakTuyeckoe BHesApPeHNe NepBbIxX CUCTeM ObINU NpOoBeAeHbI elie B 
cepemune /0-x rogos B CIUA, rae k 1996 rony DaHHbIM BUgZOM CepBiuca OxXBayeHo 
yxe Oonee 5 MMNNMOHOB abcHeHTos. B Hayane 90-x rogoB cuctemMb! MMDS 
padoTann Ha BCeX KOHTMHEHTAaX 2eMHOrO Luapa, O6cnyKuBaA oT 100 no 250 000 
a6oHeHTtoB. Ha 6niwKHem Boctoke uv B Asctpanuu onpoboBaHbl cnucTeMbl, 
OXBaTbiBalolne TeppuTopvio fo 10 O00 KkBagpaTHbIX KYnNOMeTpOB Cc OfHON 
nepeqarouie TOUKM, OTpaboTaHbl CUvCTeMbI peTPaHCNAUNM TeNneBU3MOHHbIX 
CUTHANoB, NO3BONAILLINe OObEAUHUTh B EAMHYIO CeTb BO 25 nepemaiowuUx WEHTPOB. 
B 3A€BVUCMMOCTH OT BLIZeNeHMA ANA sTMX WeNnew YaCTOTHbIX AVaNa3sOHOB B KarKON 
KOHKDETHOUN CTpaHe , CUCTeMbI CbyYHKUMOHMpyeT B Avana3zsoHe 2100-2900 MI u. 

ll pakTuyecknu Ke Ucnonb3yroTcna Avana3oHb! 11, 18, 39, 41 Mu, xoTa ana Hux Gonee 
X@PakKTEpHO NoOcTpoeHve pagsnopenevHbIxX NVUHVYU CBA3N Cc AOCTaBKON 
TB-curHana no npunuuny “TouKka-TouKa”. 

IpwMeHeHve QaHHOKW cucTembl umMeeT WeNbIN pag HeEOCNOpuMbIxX npevumylectB 
nepeg Knaccnyeckumu KabenbHbIMNY CeTAMN: 

1. fIpoknagka MarmMctpanbHbix Kabenev ANA nogsayn TeENeBY3MOHHbIX CUFHaNos, 
OCOGEHHO B YCNOBUMAX FOPOACKOK 3aTpONKK, CBA3aHA C GOONbLUMMM TeEXHMYYeCKUMN VU - 
OPraHW3aL|MOHHbIMU CROMKHOCTAMY VU BBICOKUMM CDYHaHCOBbIMM 3aTpatamn. fla vu cam 
KaSenb BMecTe C HeEObxogAMMbIMU yCUsiNTenbHbIM OOFopyfoBaHvemM TorxKe 4ero-TO 
CTONT. 

fina CpaBHeHVUA: CTOMMOCTb nmpoknagkn KaObenev, Hanpyumep, ana 100 
pacnpenenvtTenbHbix ToYeK B paguyce 20 KM OT TenecTyauu MUHUMyM B 4 pa3a 
HopoxKe nokynku npesnaraemMoyw CucTembi. - 

2. Mo cpaBHeHnW c KabenbHOU CeTbio MaHHaA CucTeMa ropa3go Gonee KomnakTHa u 
MoOuWsibHa, He TpebyeT cosepKaHna LTAaTa COTPYAHUKOB ANA pemMoHTa KabenbHoro 
XO3AVCTBA. 

3. Flo cpaBHeHuto co cpoKamu , HeoOxoAuMbImMM ANA cTpovtenbctBa KaGbenbHon 
CeTU. pa3sBopayuBaHuve CUCTEMb! NPOUSBOAUMTCA 3a HECKONbKO AHEM. , 
CYLWIECTBEHHO COKpaliiaeTCA CpOK BO3BpaTHOCTH COeENaHHbIX UVHBECTULIMH. 

4. [lpotaAHyTb Ka6benb yepe3 peky unw KaHan - cepbe3HanA mpoOnema. I[lpu 
pacnpoctTpaHeHunu mo acbupy OHa He BO3HMKaeT. 

5. B cnyyae M3MeHeHVA mnaHoB wnv Heyfayv B KOMMepyeckon AeATeENbHOCTU 
HOCTaTOUHO ObICTpO JEMOHTMpPOBaTb ObopygsoBaHue VU pa3sBeEPHyTb JEATEMbHOCTb B 
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Opyrom mecte unu npogats o6opyfoBaHve Vv BEDHYT’ CBO JeHbrVv, YTO ABCONIOTHO 
HEBO3MOXHO CHENaTb C KAGENbHOU ceThN. 


|. Beenenne. 


Tunuytas KoHcburypauma cuctemb! u3z06paxKeHa Ha piuc.1. Ha Bxog cucTeMbt MOryT 
GbITb NOMaHbl CUrHarEl C MPVeMHbIX TeNeBU3MOHHbIX AHTeHH MeTpoBoro U 
ACUMMETPOBOLO ANana3o0Ha, CTYAMVMHbIN CUTHaN MECTHOM CTaHUMi, TeNeBU3VMOHHbIe 
NporpaMMbi CO CNYTHUKOBbIX @HTEHH, pagMvonporpamMbI uM Tak faniee. 

Kaxgasa v3 mporpamm, mogaHHbIX Ha BXOZ CVCTeMbI, KOHBeEPTMpyeTCA Takum 
o6pasom, “TOSI MOxKHO 6bino ccbopmupoBatTb rpynnoBol curHan c LUUPUHOU 
nonocbi O6bI4HO fo 200 Mu, yto no3BonseT nepepaBatb B cTaHgapte SECAM He 
MeHee 24 TeENeBM3MOHHbIX NporpaMM B ABYX NonApn3zaynAx vnu 12 TeNneBUsMOHHbIX 
nporpamm B ofHoOUW. flanee curHan cbunbTpyetTca uv KOHBepTUpyeTcaA B Ahana3on, 
BbIOpPaHHbI “ANIA nepegaun . 

llocne KOHBepTauMu cnurHan elie pa3 cbunbTpyetca, ycunuBaeTca uM nogaetca Ha 
nepeAarolylo aHTeHHY ONA pacnpoctpavHenna no scbupy. 

flockonbky Npvem curHana MOxKeT SbITb OCYLIECTENGH TONbKO B MpAMOM BUAMMOCTY 
nepefaTunka, OYGHb BaKHO MPABYNbHO Pa3MECTUTb Nepesaloluylo AHTeHHY Ha 
HOCTaTOUHON BbICOTe JNA KayecTBeHHOrE o6cnyxKuBaHna Tpebyemol TeppuTopuM. 

B cnyuae HeBOo3MoxKHOCTY oG6cnyKuBaHNA BCE TeppvTOpUuN Cc MOMOLUbIO OfHON 
nepegarowjer AHTeHHbI, B HYKHbIX TOUKAX YCTaHaBNuBalTcA AONONHVTeNnbHbIe 
Hegoporme HeobcnyxuBaemble peTPaHCnATopbl. 

HpvemHas Yactb oGopyfoBaHua BbINONHeHa O4eHb KOMMAKTHO. OHa cocTouT v3 
MPYeEMHOU @HTeHHbI WM KOHBepTepa, KOTOpbI MmepeHocuT rpynnoBow cHrHan, 
pacnpoctTpansembi4 no scbupy, B Tpebyembii MeTpoBbI4 unu seunmeTpoBbIi 
Quana3s0H ANA HenocpeACTBeHHOM NMogauW Ha TeneBu3z0p unKw B AOMOBYIO 
KaGenbHylo CeTb. 

Begyujme mpouspogutenu mpvemHoro o6o0pyfzoBaHus no cnelwanbHomy 3aka3y 
MOryT WUSTOTOBMTb KM NOCTaBUTb B TeYeHve 60-90 AHEM KOHBepTepbl Cc HY KHOU 
YACTOTOU TeTepOAMHa, KOTOPbIe NO3BONAWT NONHOCTbIO cobniocTu TpeboBaHus 
YACTOTHbIX MNG@HOB KaxKOoro KOHKPeETHOTO HACeNeHHOrO NYHKTa. 

[nA 3AaLUMTb! OT HECaHKLIMOHVpoBaHHoro Npuema, a Tak Ke B Cnyuae KOMMepYeckoro 
UCnONb3OBaHUA, CUCTEMa ACYKOMMNEKTOBbIBAeETCA LUNCbDpaTOPOM MU KOMNbIOTEpOM Cc 
COOTBETCTBYIOLUMM mporpaMHbim oOecneyeHvem gana KOHTponA u_ copa 
aDOHEHTCKON MNaTb!l Cc NOoNb3oBaTenen. a 

DyYHKUMA LuNcbpaTopa - BHeECTM VCKaKeHVA B NMepenaBaemMoe TeneBu3noHHoe 
Bugeous0bpaxeHve unu ayfvoconposoxpeHue. MakeT nepefasaembix nporpamm 
MOXeT ObiTb passeneH Ha HECKONbKO Fpyrin, 3aKOQUpOBaHHbIX pa3sHbIM Obpa3zom. 
OTMM = NpegsocTaBnAeTcA BO3MOX%KHOCTb BbIGopa KOHEYHOMY NoMb30BaTeNto 
NPOCMATPUMBaTb VU ONNAYUBAaTs NPYEM TONbKO MHTepecylolyMx ero Nporpamno. | 

B 3TOoM cnyyYae KaxKgbif Monb30BaTenb cucTembl uMeeT VHAMBYAyaNbHbIi 
AeuwWcbpatop, KaxkGbIN “3 NpViMeHAeMbIX B CUCTeMe AeLUUCcbpaTOpoB uMeeT CBOI 
NOPAAKOBbIN HOMEP , 3€HECEHHEIN B NAMATb KOMbIOTEpa. 

MepegaBaembin no acbupy sawincbpoBaHHbii naKeT nporpammM cogepxKuT B cebe 
VHcbopMalvio OT LIGHTPpanbHoro KOMMbIOoTepa B BYe KOMaHA ANA KaxKgoro 
NOAKNKOYEHHOrO K CeTH AeCLUVGpaTopa, comepxKaLuMA yKasaHua , KaKOM nepeyeHb 
NporpamMM JOMKeH ObiTb pacwuncbpoBaH ANA PaHHoro aboHeHTa. 
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KommbioTep aBTOMATMYeECKN Npon3sBog_UNT 3abnaroBpemMeHHytO BbIMVCKy CYeTOB 
aOoHeHTaM Mo Mepe OKOHYaHVA CpoKoB NosNMcKH, a B CNyYae Heynnatbl GnoKupyer 
paOoTy aSoHeHTckoro AeLuNcbpatopa. 

B Kak bIN MOMEHT BPEMEHM ONepaTOp KOMMbIOTepa UMeET NONHytO UHCbOpMaLnio O 
xoge noginucku Ha yonyru cetu. | 

B HacToAee BpeMA Ha PbIHKe NpesCTaBNeH WMpOKMM CcNeKTp pa3NVUYHbIx No 
CNOXKHOCTU, CEPBUCHbIM BO3MOMKHOCTAM WM CTOMMOCTUM cuCTeM KO“MpoBaHuA VU 
AGOHEHTCKUX MeLUNcpaTOpoB, NO3BONAIOLUMM ONTMMaNbHbIM O6pa30mM yH4eCTb 
notpe6HocTu KaxKgoro Nonb3oBaTens cucTemb!. LleHbi Ha KaHaNbHbIe LUNCDpaTopbi 
KoneOsriatca oT 500 go 5000 pzonnapos CIWA, Ha aboHeHTcKve AeWNcbpaToppbl - OT 
40 no 200 pAonnapos CWA. 


il. OCcHOBHaN “YaCTb. 


NMoa6op ontuManbHou c KomMepYecKON TOUKK 3peHUA ANA KaKgoro HaceneHHoro 
NYHKTa CUCTeEMbI, KaK NOKa3biBaeT NpPakTMKAa, HAYWHAeTCA C NONCKa KOMNpOMNMCCa 
MeKhyY pafvycom gevicTBuin wv OoGbemMom TpebyembIx 3atpatT. Yem Gonblwe 30Ha 
NOKPbITMA, TEM BadkKHee Gonee MOUWHbIe NepesaTunku, Tem BbILUe OOLINM pa3smep 
NepBOHaYaNbHbIX 3atpaT. AA HaoGbopot. WUmeetca YeTKan B3aNMOCBA3b Me xKAYy 
CTOMMOCTbIO CUCTeMbI, paguycom oOcnypkuBaHYA MU YOeENbHbIMU 3aTpaTaMU Ha 
o6ecneyeHve NOKpbITUA OAHOFO KBaspaTHoro KMNOMeETpa. 

Yem Oonblue pagunyc AevicTBUA CUCTeMbI, Tem OGbeMHEE KanUTalbHble BNO KEHUA, 
HO BMECTe C TEM, MEHbLUC CTOMMOCTb "ObNyYeHMA" EAVHMUbI NNoWwany. 

B kayecTBe npumepa MoryT GbiTb NpuBeseHb! CNegyrolune WMcbpbl, OCHOBaHHbIe Ha 
aHaru3e peanbHo AelicTByolWMx cuctem MMDS B CLUA. 

Tak Hanpumep, npv ucnonb3oBaHun nepegaTunkos c mMouHOCTbIO 10BT Ha KaHan 
MOXKHO OOchyKNTb TeppuTopuio fo 1300 KBagpaTHbIx KUNOMeTpOB. OGLUUM ObbeM 
3aTpaT Ha NpnoOpeTeHne WU MOHTaK Nepenatolwero o6opyfoBaHua Ge3 yueTa 
MECTHbIX HanoroB cocTaBnAeT okono 350 Q00 g”onnapos CLUA, yaenbHaa 
CTOMMOCTb OOcnYKUBAaHMA OAHOFO KBagpaTHoro KuNOMeTpa - 269 nonnapos CLA. 
MpumeHeHve nepesaTuukoB c MOLHOCTbIO 1O00BT Ha kKaHan (eCTeCTBeHHO, npn 
AOCTATOYHOK BbICOTe Nofbema Hag OKpyKarolwwen MeCTHOCTbIO Nepesaloliel 
AHTEHHbI) NO3sBONAeT OOCNyKUTb TeppuTopuio nnowagbio go 5700 KBafpaTHbix 
KunomMeTposB. OOM o6bem 3aTpaT - oKoNo 800 000 gonnapos CLUA, yoenbHan 
CTOUMOCTb OOcnYyKVBaHUA OfHOFO KBagfpaTHoro KuNoMeTpa - 140 gnonnapos CLUA. 
MpaBunbHbim4 nog6Sop MmoujHocTM nepegaTunKoB, BbIbop. MeCcTa YyCTAHOBKI, 
AMarpaMM HanpaBneHHocTu uv onpegeneHue KoNNYeCTBa NepegarOlwux AHTEHH 
NO3BONAWT CYLIECTBEHHO COKpaTUuTb OObeEM NePpBOHaAYaNbHbIX KaANUTAMbHbIXx 
BNOKeHUN, HO TpebyeT cepbe3HOro aHanu3a MnaHa s3acTpoWKNH, MaHHbIX MO 
NNOTHOCTU HaceneHuA, AeTaMbHOrO O3HAKOMNEHMA C TONOrpacbveK MeCTHOCTHM ANA 
VUCKMIOUCHHA “MEPTBbIX" 30H. 

C TeXHUYeECKON TOUKM 3peHuA nogbop obopygsoBaHuA cyLUeCTBeHHO o6neryaetcar 
npw MpUMeHeHMN CNelNanbHO pa3spaboTaHHbIX KOMMbIOTEPHbIX NMporpammM, 
NOSBONAIOLUMX B TEYEHMe HECKOMbKUX MUHYT NONHOCTbIO paccuNTaTb KOHCbUTypaLinio 
CUCTEMbI ANA Kaxgoro KOHKpeTHOrOo cnyyYaRn Cc yY¥eTOM BCeX OCOHeHHOCTeM No 
pa3sMeLUeHMto OOopysoBaHYA. 

OObeKTUBHbIA = MaTeMaTNuYeCKuA 8 aHanu3  9KOHOMMYNeCKOM scbcbeKTMBHOCTY 
UChONb3OBaHMaA CUCTEMEI, NDOBEACHHbIN Ha STane Ee NPOeKTMpOBaHNA NOsBOMMT , 
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U36@KaTb Pa3IOUAPOBAHUN UHBECTOPOB UM BbIpPaboTaTh cTpaTermio CDAHAHCUpOBAaHMA | 
ripoekta. 


lll. Saxniovenne 


®upma "Tenecet" Hakonvna onpeseneHHbiA onbiIT B NpoeKTMpOBAaHVYN CVCTeM 
MMDS uv 6yfeT pasa pelwwmTb npoSremy pacnpeseneHvuA TeneBU3NOHHbIX V 
pagvocurHanos B Baluem ropose oT Hayana uv fo KOHLa. | 
Haun yonyru BknirmuyaloT B cebs: 
1. Mogrotoska 6v3Hec-nnaHa npoekTa. 
2. TlpoekTvpoBaHve, nocTaBKa, MOHTaK, rapaHTuvinoe obcnyKuBaHNe MpNeMHbIx 
CNYTHUKOBbIX CMCTeM, TenecTynuu, cucremMb! MMDS, gomosetx KkaberibHbIx ceTen, 
TONOBHbIX CTaHUNK, O6opyA0BaHUA ANA KOQMDOBaHMA CurHana. 
3. OcbopMNeHMe JOKYMeHTOB Ha NONYYEHMe YACTOTHbIX Pa3sPELUGHMU VW NVUEH3NN. 


APPLICATION OF MNIDS FOR TV-SIGNALS PROPAGATION 


Atrashkevich A. Yu. 
TELESET, 80 Sovetskaya St., Moscow-105037, Russia 
tel. (095) 166-9763, (095) 366-4361 


Multipaint microwave distribution systems (MMDS) have become wide spread all over the worid as an alternative for the classic 
cable networks. The transmitting part of such systems equipment is made for the frequencies of tens of GHz. The most convenient 
for using is 2.56 GHz band, in which the optirnal package of such paraineters, as transmission distance and system cost, is 
achieved. For system protection frorn unlegal receiving and in the case of commercial application it is supplied with a coder and 
computer with the corresponding software for control and fees charge. This paper presents the characteristics of the advent 
MMDS-equipment produced abroad. 
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OYHKLIAOHANBHAA CXEMA CACTEMbI PACNPEQENEHUA TB MPOTPAMM 
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HARAADHAR CHOTEMA PASHAUM 
oR We CTYIMMALK TEREVIPOTPAMM HA CBU 
T.H. HapsitHun, B.H. Tamuy, 
YHCTUTYT GaekTpOHMEN wu CBasm YAH HO 


1. Beengeune 

Bb OOMACTH PASBUTMA CNYTHMKOBLIX Cictem TR BemaHHH NepBOOUePeHbIMH 
ABIAOTCH Baau NOBMIEHHA ad@exTMBHOCTH Nepenanmen cet, pazpasorKn 
HOBIX CHCT€M M MeTOIOB Nepegzauy wHdopmMaumu. [pw arom Maccorpasd TexHHKA 
CHYTHMKOBOM CBA PasSBMBAeTCA TAaKMM OSpasomM, TOON no noxynaresbcKoN 
CHOCOOHOCTH, PaSMepaM M MACCe, CepRUCY OHA COOTBETCTBOBAaNA BOBpACTAN- 
WIM NOAbBOBATCIBCKMM MU SKOHOMMUSCEMM TDeOOBRAHNAN. 

OcoOvid AKTYQIBHOCTL NpvOoperanotT pasoty no coszaHuo mpwvemonepenayn- 
eu ceTw, o6jagaomei Gonee BHCOKOM mponycKHo cnoco6HocThio Tak KaK 
pocT ucla NporpamM TH BelaHia u oObemMa nepezaraemol uudopMaumn c yue- 
TOM NOTPCOHOCTH AOOHEHTOB B JOMOAHUTeIbHNX yoayrax (pacnpeneneuue aBy- 
KOBHX MNpOrpaMM OBY UM BeHSHMS, OXPAHHAT WM NOMAPHA CHrHANMBAIMM, JO- 
KaibHble HOMIIBIOTepuble CeTM, BOCTYN K 6€88aM NAaHHEIX) ABAMeTCAH NMOcTOAHHON 
TeHLeHuMeW. B fepcnentupe coszanne MyibtTumenna - OMHOBPEMEHHOM Meperza- 
UM PaSIMuHh BYOB MHGOPMaUMM, T.e. C6wenMHeHMe MH@OpMalINM OT pannor- 
DW€MHMKa, TeHeBMeopa, KOMMLMTeEpAa B OZHOM MoToKe c ocyllectTBAeHNeM O6- 
PATHOW CBA8N MeMTY TomyYaTereM ee MU McTOUHMKOM. B CBRBH Cc STEM BOSH 
KaloT HOBHIG MpOOTeMb, CBASAHHNeE © PaspasoTKOH WU COaRAaHMeM MACCOBHX UH- 
TEPSKTMBHHX TK CHCTeM C COTHAMM ThICdU OBPATHEIX yaronoOCHHX LIMMDOBBIX 
KSHANOB OT TeleapuTenten WM Molbsopareneh TK JaHHHIMM KK cooTBeTCTBYIOUYM 
MCTOUHMKAM wWHdopMaumu [1, 2, 31]. 

BawHeWMMM CDeCTBOM MYIBTYMeaNa ABIIOTCH VHOOPMAUMOHHHe aBTocTpa- 
Bb B BYMAe MHOPTOKAHANbDHBIX CHCTEM OObeEMHeHMA M pasyaun COYTHMKOBON, 
SQOMPHOH M CTYMAHOM vadopMalMn B Manasone CBU, 


<2. Cocrak M OCOGeHnOCTH MHOrOoKavanbHo CKCcTeME paanaun 
CHYTHKKOBLE, SQHDHEX M CTYMMiNMK TeNenporpam B AManazoHe CBU 
_ PacnpocTpanenve mporpamMM TeJeKOMNAHHM Ha SObUMe pervonH ocy~- 
WEeCTBIACTCH APCHTOM HASCMHHIX AHAJOTOBLIX AVHMM CBASM WAM pacnpoctTpa- 
HeHMeCM NpPOrpamMM MO CHYTHMKOBLIM KAHAJIaM CBA8M. JNA aTOw uenM MB mper- 
JAPraeM MHOTOKAHSJIbHbe CMCTeMb! PABTAUA CIYTHMKOBHIX, AQMDHHX mM oTynui- 
HEX TeAeNpOrpamM B AManasone CEY (MCBYUCP). Cuctembt MCBYUCP nonmyaunn 
PACMPOCTPAHEHHe KAK CYIMCCTBEHHOG FONOAHEHMe KAGCIbHHM CeTAM, pacwH- 
PHA PAaMOHb ZeMCTBMA NocnegHux. Kpome toro, MCBUCP MOTYT SAMCHMTb Ka~ 


OeIbHBIe IMHMM EB TeX CHYYANX, Te CYMECTBEHH! CreqyouMe ux mpeumy- 
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NeCTBA: 

- CTOMMOCTD NPOKNARKH KaSelew MMHMMYM B 4 pasa popoke NMOKYNK 
MCBUCP. 

- MCBUCP 6Gonee KOMT@KTHA MK MOOMIbHA, He Tpe6yer conepMaAHNA 
WTATA COTPYAHWKOB AIX PCMOHTAa KAO MbHLIX CeTel. 

- COKPANaOTCH CPOKM PASBOPAUMBAHVA CHCTEMH WM BOSBPATA cyeNaH- 
HbIX MHRECTMUMM. 

KOHOUrYDAUMA MHOTOKAHARBHOM CMCTeMb PASTAYUM CITYTHMKOBHX,  adup- 
HBX A CTYDTMAHHX TemenporpamMM B Avanadone CRY gaya Hwa puc. 1. 
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OyHKUMOHAIBHAaA CTPYETYDA CHCTeMb CHegyiolad: MpweM CNYTHAKOBEIX 
TenenporpaMM B wvanasone uacror 11.701 - 15.050 [Tu mw 4PPu; mpvem 
SQMDHHX TenenporpamMM B AManasone MB wu JMB; dopm“popanve CTY AMHBIX 
TEJETMPOr DANM ; mpwem  CMelMaNbHOR  WH@OpMSuUMM; WheoOpaascpanve B&B 
nuanascH 950-1750 Mu wm younenxve; YacTOTHOe paenemenve NO KaHawlaM © 
(MAB TPAUKMeH KW YCHReHMe MPMHATHIX CHTHANOB;, CJIOMeHMe CUrHaNoB UM mpeod- 
pasopanve B guanason yactor 11.701 - 15.3850 PPu; MHorokavabHan Ne~ 
pemaua (BxomHbe "acroTH 0.95 - 2.05, Bpxogube 11.70 - 15.350 [Tu) c 
UM: muranve, yipaBmeHvue WM KOTPOJb; WHXMBMZVARbHHM MpWeM, MOJWICKTUB- 
HET mpvem napasSommyeckow aHTeHHOM 0.25, 0.6, 0.9 MB Amalasone 
41.701 - 15.3501 TTu). Kaxgas ma MOMAHHDIX HA BXOA MPOrpaMM KOHBepTu- 
pyeTcan wus @opMupoBaHua rpynmoporo curHama c momocom ... MIU. Hantee 
CUrHan QMEIBTDyeTCA mw KOHBepTMpyeTcH B AMamaBsoH 11.7 - 16.30 T'Tu Wd 
nepenaun no s®@upy. VWUsayuaemblit MHOTOKaHAIDHHM CMrHal MoctymaeT MO 
HENMOCDeACTBeHHO MOMbsoRaTemo, aM6o Ha CBU pagmopesenuyio AMHMO AAA 
nasibHefmero pacnpezenenua mo Tepuropum Yepannn. UpvemanKa CBY roJoB- 
HOM cranumm MCBUCP, PPJl u nombsonatemn, a Takke nepeyarunKa CBY yHu- 
(MUMPDOBAHH. 

lTpenmywectBamu MCBYUCP mo CDpAaBHeEHHIO C, B OCHOBHOM TIDMMCHHeMBIMA B 
Hactosiiee BpemMa B YKpaMHe, CMCTeMaMM B AHANOPOBOM HaseMHOM CceTy 
pacnpezenenua TB mporpammM [4] smawtTca: SoubUlAaA VHDOPMAaLMOHHAaA €M- 
KOCTh; BOSMOMHOCTR Mepezau uM mpvemMa CMeuMHhOpMALIMM BANOMeHHOM B 
CHOTeMe TeNeTeKCTAa: SKOHOMMYUECKM BHTORHAAR COBMeECTHMMOCTh C CHCTeMAMY 
KadembHoro TE: BOSMOMHOCTh Tlepexoywa Ha NpvemM uw Nepeywayy UMdpPCBOM MH- 
(OPMALIMM C MMHMM@IbHEIM ZOVKOMIMIEKTOBAHYeM CMCTeMbl; SKONOrMueCcKaA Oe- 
SONACHOCTS. 

MCBUCP npezHasHaveua Jan fepezaun wu aipwema go oG HpPOrpaMM CO 
coeeTpom uactot go S80 Mu B KAMAOM B YCHOBMAX MPAMOM BURMMOCTH Ha 
DACCTOSHMM DO 30 KM CG leabiO WHQOPMALUMOHHOTO OOecneueHMA HaceJIeHHs 
CIYTHMKOBHMM Tele- WM PARMONpPOCrpPAaMMaMM, MECTHBIX CTYTMM, a TaKxe apup~ 
HHIMM TezemporpaMMamMu. PaspagsoTHka Bcex OJOKOB CMCTeMbl ObWwIa HalmpaBmeHa 
H@ MHHWATOpMBaAuMIO, YMCHbIIeGHMe BeCa, HMBKOe NoTpeOMeHwe MOUHOCTH MW 
CHYMeHMe CTOMMOCTH VM CHeTaHa HA OCHOBe MOCHeAHMX WOCTAKeHNM payMoa~ 
REKTPOHUKH: APCeHMT TAWIMeBHX MOMeBLIX TPAHBMCTOPOB; TerepoqMna cTa- 
6uIMSMpOBaHHOTO JP; MMHVATOPHHX TBeEDAOTCABHEIX QUAbTPOB; MOHOMMTHBIX 
ADCeHWT T'AWIMeBHX YCHIMTelIew; YHUKANbHOM Tepegaillew AHTeHHE C Kpyro- 
BOM TMAPPAMMON HANPABIEHHOCTH. 
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pwn HOCTPOCHHA HM TexXHHMUeCKHe KapanTepHCTnKn 

MCBUCP lonpaanenneTca Ha CHenyiolve aNeMeHTH. 

1. CTAHUWA TONOBHAS MPMeMHad B COCTABE CAUCTeEMH UWB HECKOIbKUX 
CIYTHMKOBHX WM S@MPHHIX AHTCHH (B SAaBUCMMOCTH OT TpedoBaHMM BakaBUH- 
Ka),  MNOJAPMSAUMOHHHX CeleKTOPOB Cry THUKOBIX SHTCHH WM KOHBEPTOPOB Cc 
BHXOZHOM yuactorow 0.95 - 2.05 Tu. OHA uB BeETBEM CTaHIMM ProOROBHON 
TIPMEMHOM wso6pamena Ha Puc. 2. | 


Spe i ot Ber ee ee Tee ee ee 


7 [ee Fee ae i soe coe, Serena es | 
| 


| nomApuBA- | | KOHBeEpTop | |KoHBeprop| Bex TY A 
CnyTHHKOBAA f----*UMOHHEM = f--- | | [> 
SHTeHHa A| lcenenTap | | | | | 
4 been pd NaS SOC er | Sa Tee 
| | 
a ia ae a he sok 
Puc. &. 


cy 


2. CTOMKAa yOAKOBKM KaHaAnOB (Puc. 3) B COCTORMaH ue Tenmreren 
MOWHOCTM,  KAHGJIBHEHX BLICOKOMBOMDATeCIDHHX MOMOCHONPONYCKAaNOMMX MMJIb-~ 
TDOB, KA@HANbHHX YCHIMTENCM MW CVMMATODPOB. 

3. CTAHUMA TpveMHan panuopenenuHad B COCTaBe AHTeCHHE,  KOHBeDTO- 
pa, TOHeEpa. CTPYKTYPHAA CXEMA CTSHIUMA NMPweMHOM panMopenenwHOM TOnOoHAa 
CTAHUMM Ha Puc. & c fO6aBNeHveM TIOHeEPA HA BbIXOTe. | 

4. llepeyarunk CBU MHOTOKAHANBDHHM B COCTaBG AHTECHHH C KDYrOBOU 
HMUAarPAMMON HAMPABMeEHHOCTU, MORYAATOpA, GOK CeneKUMM, SOK mpechpa- 
SOBATCIBHO-YCHAMUTENbHOTO, ONOKA NMTAHMA WU KOHTpOAR. CrpyKTYDHAaA cxe- 
MA MHOTOKAHSIbHOrTO NMepenaTunKka wana wa Puc. 4. 

BxonHpe yactotH 0.95 - 2.05 Tu u 70 Mu AAS CTYTMMHOTO Kavala. 
Bhixowube uactorn 11.7...15.35 I'Tu semowaor 62 Kavana. PasHoc mexny 
HeCHTPAIIbHHIMA GWaCTOTAMA KAHANOB cocTaBlunert 28 MCu. YpoBpeyb BbIXOZHONM 
MOMHOCTH MNepeyqBTUMKa He MeHee O.ca BT B KAMNOM KaHane. IlupwHa NOMOCH 
nepegaTunka lO KaxmomMy CTEOMyY 18 Mu no ypoBHio 3SaB u 28 Mu no ypos- 
Hio SO gb. Hecrao6vmbHOCTb YACTOTH TeTepowMHOR nepezarumma He Gomee 1 
MCu. Tlonapwsauva MSMVUSeMHX CHTHGIOB -~ AWHEMHAN, BeEPTMKANbHAN, Mm ro- 
PUSOHTAIbHAaNH. MakcnMalbuHoe KonmMuecTBO TB mporpamMM, mNepeqaBaeMHxX B 
OFHOMW MOAXPMSallwH, He MeHee 28. HOMMHANbHAA MOWHOCTh BXOZHHX CurHa~ 
OB mepezatunmma 5xi07° Br. KosdpulMedt YCHJIGHMAH BEXONHOH AHTeCHHE He 
MeHee 16 fb. NonapneHne PapMOHMUeCKMX M KOMOMHALUMOHHbIX CYUrHAMOB Ha 
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BHXOZe MepezaTuuka He MeHee 30 YB. KosdbuuMeHT myMa KOHBepTopa Moz- 
CHCTeME TIpveMa He 6onee 2 OB. KommuecTRO pAaSBeTBACHMK AKTUBHOTO TeJH- 
TENT MORCUCTeM KOMNEKTUBHOrO mphema 10. 
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OT CTOMKM VIIAKOBKM KAHAaIOB 
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B 8aKMoueHHu CleqyeT OTMETHTb, UTO PACCMOTPCHHAT MHOPORaHANbHaR 
CUCTEMA Pasay CNYTHMKOBEX, SQMPHEIX HM CTYRWUAHEX TeaeMporpamMM B AMAa- 
nasone CBY MOmeT HATH wnwpokoOe MpMMeHeHeHMe KAK B UA@HOM, WI coopa 
MHQOPMALIMM MW ee pacnpeneseHwa B 6ONbIIOM DermoHe uwepea BXoOnAMMe B ee 
COCTASB DAaRMOpeNenHble JIMHMM, Tak MM TIpPM UCNOMbSOBaHMM ee cy6cucTeM 
NOAKIOYUaACh K CYHECTBYNIIMM KAaOeIbHHM CeTaM. 

XOpollo CeOs SAPeCKOMeEHTOBANO MPMMeHHMe OTRCAbHEIX OJOKOB BIH op- 
PaHvsauMM Noqauw TR CMrHana MHAMBUTYaNbHLM MOABBOBATeIAM M UIA opra- 
HUSaUMN OTACALHHXK HeETOPOrUx PATMOPe TE MHEIX JMHWM. C oxTHOpa 1994 rona 
TPCXKAHAIbHAA (2 CIYTHMKOBHIX M OJMH CTYRMMHHM) CucTema, paspaboTaH- 
Han MO sakasy MUl "Buaur" aKcirayaTupyetca Br. Kpemeyyuyr. B MCBUCP, 
SKCIAyaTupyemMow Br. Kvwepe c aprycta 1995 r., curuan TB CTYNMM, pac- 
NOMOMCHHOM B OTJANeCHHOM pavioHe Topogza, Nepemaerca Ha TOAOBHY! cTaH- 
iio NO PANMOPeAeEMHON JMHMM Cc nocnrenywlen pasnauen MHOrOKAaHaIbDHEM me- 
PeEZaTUMKOM C AHTeHHOM C KDYPrOBOM AMATPAMMOM HaNpapmyenHoctu. Curuazr 
HPMHMMaeTCH C OTHOMCHMeM CHTHAI/IIVM He xyxe 64 4B Ha mapadonmueckyn 
GHTCHHY ZWaMeTpOM OT 0.205 M TO 0.6 M B WeCTM KOHKPeTHHIX TOUKAX, DaC- 
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ROJOMCHHHX H& PACCTOAHHM O 5 AO 12 KM OT Nepenainueh cTaHunn. 

YCOBEPIICHCTBOBEHMe TAaKMX CMCTeM MAYT NO MyTu yMeHBIeHMA cTou- 
MOCTM, CHMMCHMA WVMOBOM TeMMepaTypbl MPMeMHMKOB, MOBLIMeHUA adbextuB~ 
HOCTM Nepeyaolenw uacth, Tpucnocobaexve Kw pagore c UMQpOBLIM MHOron- 
POrpamMHbM TR. B vacrHoctm paspabaTHBaAetcs BORMOKHOCTS NDAaKTUUeCKON 
PCQIMSaUMN, TCOPeTMYeCKM HamOonzee mpocrow u adwbeseruBHon, cxemn C BE 
COKOKAUCCTBEHHOM QMIbTpalimen wu HenocpencTBReHHEM Npeoopasokayuem cur- 
Hana Ha BUReOUaCTOTY C MOMOMIbiO ChelvManbHoro dasoporo mererropa c BbI- 
COKOM UVECTBUTCHBHOCTEN. JlocrouncTRamu Taroro VCTPOHCTBA ABASOTCH 
BHCOKAH UVECTBUTCIBHOCTS MU WSOUPATeNbHOCT, OTCYTCTBMe BEDKATBHOTO Ff 
APYPMX MOOOUHBIX KAHANOB NPMeMAa, M3JIO@ UMCIO KACKANOB Mw Masa noTpes6- 
AACM38A MOMHOCTS . 

BeAVTCA paborn Hal co2znaHveMm MOHOJIMTHO-WHTeCTPANbHOW peaulmsannn 
Soubu“nCTBa CBY 6n0KoR. 
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CENTRE OF RECEIVING AND DISTRIBUTION OF SATELLITE, 
BROADCASTING AND STUDIO PROGRAMS AT FREQUENCY BAND OF 11,7-15,5 GHz 


Narytnik T.N., Galich V.N. 
Institute of Electronics and communication of Ukrainian Academy of National Progress, 
tel. (044) 478-38-76 


This paper presents structure, mix and specification of the first center of receiving and distribution of satellite and studio TV programs at the 
microwave range (Saturn, TV-port). The high effective equipment of the center is origina! by its design and has no analogs in the CIS. The 
compact receiving units are sufficiently cheaper than satellite receivers of DBS. 
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SADAUK WHTEPPAUMK BELUAHMA KM CBA3K C HCNONb3OBAHMEM 
MUKPOBONHOBbIX VHTEFPAPOBAHHbIX TENEPADQUOKVH®OPMALINOHHbIX 
| CKCTEM. 


T.H.Happirank, B..Bynrau. 

Cywecrayoiuan BEAOMCTBeHHaR pasoGuleHHocTh onepaTopos TEeNeKOMMYHMKalni4 
BbIZbIBaeCT HEPalMoHanbHoe MHOrooGpasvne NMHKE CBASH. 

Bmecte c tem, pactyman norpesuocih BeAOMCTS, PaHOHOB, FOpOMOB K permonos B ycnyrax 
‘TenepaqvoBemanna K Canz4 o6ycnasniBaert B HaCTORIse BPeMA MHTCHCHBHBIM npovuecc 
NPOKNaokk KaGbensHbIx A NPOBOAHLIX NMHHH. 

OgHako fecbuiMT NpOBOROB K KaGenel, ANA w3roTOsneHun KOTOPbIX HCNOMNb3YIOTCA 
| AOporocronmne MeAb MW CBHHEL, a Taloke 3HAaYMTeNbHbIE TPYAHOCTH, BOSHKKalIOUMe NPM NpoknanKe 
KaGenbHbix SHHKMK B MeCTax MaccoBoN 3ACTPOKKK, NOIBONAIOT CHeNath BbIBOA, YTO TDaguUMOHHbie 
MeTOMbI KCNONb30BaHHA CpeACTS TenepagNoBeUaHMA K CBA3M MPHBONAT K TYNUAKOBOKM CuTyayun 
Np WX pasBuTun. 

Orcroga cnenyer, YTo ANA pasBuTHA TenepagMonHcdbopmMallVOHHbix KahHanoB, HeEOOXOAMMbI 
HOBenMuMe TEXHMKAa MH TEXHONOFHH, KOTOpbie BMeCTE C CYLUECTBYHOLIMMY NUHMAMM CBA3M DOKI 
OTKPbITb WKHPOKKE BOSMOXKHOCTH NpenocrasnennaA ycnyr : aGOHEHTCKOe TeneBNaeHHe KM 
| PaavoBeliahve; Teneonua; Nepegaua HanHbIX; 3NeKTPOHHaA NOYTAa; OxpaHa KBapTup, NOMeMeHuHK 
KW NepeABWKHbIX CpeACTB, ynpaBnenve o6opyAoBanvem NPOMbILeHHbIX 30aHMiA M KKMbIX JOMOB: 
MNTepakTMBHoe TenesnaehHe Kh MyYnbTHMeAMAa [1,2]. 

HeoOxogumoctTh pewenma 3ana4 MRdoOpMaTHsauMM O6wectBa CTaBUT Ha NOBeCTKY AHR 
Bonpoc 06 unTerpaumn (TexHn4eckow, OprannzauMoHHol, cbuHaHCoBON) cnyx6 Tenepanvosemanun 
KM CBASK [3]. 
| ORHKM 43 NepcnekTuBHbix HalipaBnenne pewenna 3anauy NkTerpalun TenepanvoBemaHun 
M CBA3K ABMAeCTCH MCHONb3OBaHHe BOSMOMHOCTeH CBY um KBY AKanNa3OHOB BONH C NTOMOWbIO 
CO2aHMA Ha 6a3e HOBEHWHX TEXHONOMM MHKPOSNeKTPOHHWKM Ht AMSINEKTPOHUKH MAKPOBONHOBDbIX 
KHTerpupoBanKbix Tenepaguoun@opMauMOHHbix cuctem (MUTPHC) [4]. 

C noMmOubiO MHOxeCTBa CHucTem MATPUC mMoxnHo NOCTPOHTS perncHanbiible 
TenepagnounopmaliMcHubie CeTH, CRA3aHHbIe MEXKAYy COGO B eAHHyIO KH@OpMauWOHHy!o CeTb 
crpanbt. Ha puc.1 npeactasnena opranv3zayMoHnHan CrpyKtypa ynpaenenun v KOHTpONA 
MHTErpKPOBakHON TenepagnuonnetpopMalMoHHoOn cetEtIo (ATPHC) CTpaubi. 

B cooTsetcTsnn c OGUIMMM NPMHuKnaMK MHTerp“poBaHHan Tene paQuonndopmaunonHan 
ceTb CTPOKTCH COrMacho KeEpapxhyeckod CiicTeMme, BO fase KOTOpOH cTouT LlenTp ynpasnenna i 
KOHTponsa, oO6ecneunsaiounl cozmanve “ pacnpenenenue curHanoe BeulaHHA, KOHTpONb 4H 
ynpaBbnenve BCOMK 4aCTAMM CeTH M OTBE4aloWMi 3a NPHNATMe OGWMX TEXHMYeCKHX PeweHUNn 
BepxHero ypoBHa, B TOM 4MCNe B YCNOBKAX 4YpesBbivaHbix cuTyaumn (UC). 

 Uentp ynpasnenun 4 KOHTpona aBnHeTCA KOOpAMHaTOpOM yYHKWMOHApOBAaHMA UTPHUC. 
Yrpasnenve Bce CeTbIO OCYWIeCTBNAeTCR C MOMOLIbIO KOMNbIOTEDHOK CeTH KM CHeLiManbHoro 
nmporpaMMHoro o6ecneyveHHA. | 

Vinterpauma cnyxS TenepagvoseujaHnn 4 CBR3K, OCywlecTBNAeman Llexypom ynpaeneunua uv 
KOHTpPONA, HOsPKHa KOOPAMHMPOBaTECA HauMonanbHbim Coperom no TenesBugeHHio 
panuopeuannio, KOTOpbIA Yepe3 AncTHTyT npoGnem MnTerpupoBaHHDix 
TenepagquonnopmMaywoOHHbix CucTemM onpegenserT TexHM4eckyio NONKTKKY, MPH STOM 
B3aKMogencTays C MMHhcTrepcTBom cBa3m, MuuMctTepcrBamn uM BesOMCTBaMH, MunucrepcrBom 
uncopmaunn, Tocrenepagnvo, Tenepasvokomnakuamy (TPH), Y4acTBylOLMMH B Npouecce co3ganna 
M CbyYHKUMOHKPOBaHHA MHTerpKpOBaHnHbiX TenepannounopMaliMOHHbIX ceTei. 

HaywouanbHbii Coser no TenesxQeHKio M panvoseujaHnio ABNAeTCA He3aBMCMMbIM 
BpicuiiM OpraHoM, KOTOpbIA NKUEHSKApyeT DeATeNbHOCTL TenepaavonHPopMauMOHHbix KOMNAHM 
4 NPeANnpUATHK, OCyYWeCTBNAeT BLIPAGOTKY EAKHOM HAUMOHANbHOM NONMTHKH & 
TenenhsPopMalWOHHOM MpocrpaHcTbe YkKpavHb! M EQMHbIX HOPMATHBHbIX AOKyMEHTOB np 
oObeaquHeHHY, KHTerpauny CpegcTes 4 Cnyx6 cBA3K CO CpeacTBaMn i cnyK6amu 

TenepanvoBewmaHun. | 
| TocyQapcrBeHkble 4 KOMMeDYeCKKe TenepayMoKOMNAaHHH B3aMMonencTByHoT c Llentpamn 
WHTerpuposBaHnHbix TenepanvonnopmMayMoHHbix cere LIATPUC, B koTOpeix 4Yncno NporpamM u 
Bpems pasoTbi TPK onpenenatoTcA HOPMaTHBHbIMK MOKyMeHTamuH HauMoHanbHoro Cosneta, 
COCTaBNAHOUMMM 6a3y Datiibix Wentpa ynpasnenun MM KOHTpona. 

B npegnoxenHorw OpraHW3ali“OHHOK CTpykKType peanusayKnn TeXHH4YeCKON NONMTHKH 


orBenena UNCTHTYTy SneKTPOHMKH KM CBH3H, KaK ronoBHOMy paspaborunky cuctem MUTPHC. 
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6 cocras MTPHC exonnr veHTpEt MRTerpNpOBZHHHIX TENePanVcuHUmopManwouHbix cerels 
permonos (LIATPUC-P}, 8 koropnlx cocpenorouers o6cpymoBanue Ann hepenaul-npwema 
PashK4HbIx CATHANOB NO panvoKkanany c nomowno MATPUC. 

Noprai WMTPAC-P novunumaior Mm nepenaior Curnanbl TeneRMneHKA (MFITB -mHroxaHanbupin 
nopT TenesKAeHMA ), Tenecdhounn (MNITO - muoroxananbubik nopT TenePcouun}), paguoseuanna 
(MIPS - MHOroKaHasibHbi NOpT pagNoseujanna ), KOMNLICTeDHOM cana (MOKG - MHOroKkaHanbHbin 
NOPT KOMMbIGTEPHOK CBA3H) . | 

LIMTPAC-P nensetca cpegcreom pecnpoctpanenua TB, PB v APYTAX CHFHASIOB , 
cbopmMupyembIx Kak B pervoue, rye OK pacnono mer, Tax W No KaHanaM CBA3K OT Apyrux WUTPHC-P 
WIM M3 HEHTpa YIPaBNeHMA 4H KOHTpOoNH . 

UATPMC-P ¢ nomowbic MATPHC oGecneunpaer afouenTos - KKTenek NaHHoro KMNOFO 
KOMNSIeKCa BCEMK BHDAM yCnyr, B TOM Ycne : TenepaguoBewannem , Tenesbonned , 
KOMMbIOTEDHOM CBR3bIO . 

LMTPAC-P c nomombic cera MUATPUC coengunmerca c noKanbHbIMn cpencTeamy 
NpegvocTaBnenuag yonyr (CMCTeMbE KONMEXTUBHOrO npwema CKM, cucrembut KabentHoro TeneBUDeHUA 
CKT , cucTembi Tenebouxoh ceva CTC, cucrembi KOMMLMOTepHOn cans CKC, WHOMBHAyanbHoro 
tipuema MI). 

Cuctembi rene®ounok can3sn CTC npegociasnaieT KomnNeKc pacnpenenvienbHon 
KOMMYTALMOHHOM antiapatypbl, OOchYKHBAIOWE ThICHYM ASOOHENTOS B 30He CeTH MATPHC. 

B wiiTepaxTwBHoM pexume OGDexKT B peanbHOM BPeMeHH , MCTONb3yR CRON TeDMMHaNn 
(TeNeEBKI0p, TENEBH3IMOHHAR KaMepa, KOMNLIOTeD, Tenedou, cac, Teneralin u T.4i. ) Kak TepMuHan 
ceTH, nosKmiouaeTcH K TpeGyemomy pecypcy (Kaan TB, PB, TN® cranyun, snexrponnan nora, 
Gakk A2HHbIX M T.4.) Hf HENOCpeACTBREHHO ynpaanan npoueccom oGmeHa B pexume guanora , 
nonyuaer TpeGyemy!o “HopMaLiito . 

Bee Tph YPOBHA KepapxHM COpasylorT THNOBYIO TONGNOFAIN CeTH CMEMAaHHOFO THMNA, 
CONCTAIOMYHO pacnpenenmeHne NOTOKOB oT LlentTpa ynpasnenun 4 KONTpOoNA nO Cxeme 3Be3Ma KH 
pacnpenenenna noroxos mMexgy LIATPMC-P no cxeme Kombuo , Uro noBLIWAaeT KUBYYECTb Bcen 
CeTH M OTACNbHbIX €@ SNEMECHTOS PH BO3SMOKHOM paspylieHMH B YycrioeMRxX HC. 

OcHOBOH CO3AaHKA KHCOPMaUMOHHOK CeTH, MATerpupylouled cnyxGul nepenaum curHanoe 
W cnyxObl WK YCnyrM Tenepagquonenanun, ABRALOTCA MOKyMeHTL! MKTT no paspaGorKe 
WAPOKONOSOCHOK HHMOPMaUMOHHO CeTH C MUNTerpaumer cnyx6 B-ISDN. 

B Aokymentax MKTT ompegensercr , uro mMpoKononocHbie cern B-ISDN moryt Gpive 
CAMHOK UHDPOPMAUMOHHOK CeTHIO, NOCKONLKY OHM MHTHIPMPYIOT BCE CnyNOo! CBNaH M 
TenepasVoBeWaHun. 

B pbidope crparerna pasautrun Tenepaguonn@opmMauvonHpix ceTel HeEOSXOQUMO, Ha Halll 
B3PniAD, ACKATh NYTH ONTHMANLHOTG MCHONL3I0BaHMA CHPeACTB PasNMY4HbIX FrOCyMaDCTBEGHHbIX KM 
KOMMePYCCKUX CTPYKTYp MW MHBeCTHPOBATh Te BHAb! ycnyr Hacenennio, KoTOpble MoryT GuicTpo 
AaTb SKOHOMMYECKYHO OKYTZEMOCTh BNOKCHNbIX CPEACTR, NPWHECTH MeaNbHble HOXOMbI 
WHBeCTOpaM HM YHOBNETBOPHKTL NoTpeGuocTH 3aka34uMKa K HaceneHuna. 

 B M¥pOBod NpakTHKe ANA BhINONHeHMA KPyNHbIxX HALMOHANbDHbIX NpOrpamMM ChOmMNOCk ABA 
OCHOBHbIX RyYTH (unaHcoBokK NosPepxKKH) - rocygapcTBeHHbie cyGcuAMH MW NIbroTHOe 
HanorooGnoKenne px ueneBomM KpeguroBannn padort . 

B ycnoBunX PbIHOYKbIX OTHOMCHHK GConee HaMOKHOK COpMOK cbMnNaHCupOoRaAHMA 3TMX 
pa6oTt moxer GbiITb KpeAuTOBaNHKe 3a CUeCT KOMMEPU4GCKHX MHBECTOPOB C Mpasom coGcTBeHHOCTH Ha 
CO32aBaemMbie TEXHMYeCKKE CPpeACTRa MH YCTAHOBNEeHKA CBOGOAHbIX LIeH Ha ycnyruv CBASH . 

Mpvyem yHo6uo couetarh npaso coOcTBenHocTH Na TenepagquonnopmMalMOHHylo CeTh 3a 
rocyAapcTBoM ANA paOoTb! B YCNOBHAX UpesBbiuahHbix caTyauMe UC (B nuue, HaNnpMMep, 
“Municrepetsa rio 4C") 4 3a MNBeCTOpPOM - NpH paSoTe Takou CeTH B OGbINHOe BpeMA MB 
CNOKOMHOHK CUTyYauMn . 

Cnenyer OTMeTKTb, YYO BOSMOMHOCTh OPraHhsauMu YaCTHOM COBCTBEHHOCTH Ha CeTb 
MATPAC npwBnexaer kpynitbix HHBeCTOpos B NKWe KOMMePYeCKUX GaHKOB K BbITOAHbIM 
UNBeCTHUMAM. 

Npegnonaraemoe Munarcuposanve paSoT MOXKeT OCYUIECTBNATECA M3 CNenyrolWUx 
WiCTOUHMKOB: 

~ 3€KASUMKOB - TOCYHapCrseHHbix CYpyKTyp C rocGiwoKeTHbIM MHHAHCMpOBaHKem ; 

- noTpeGnTenen - rocypapCrBeHHbIX 4 KOMMEPYeECKHX CTPYKTYp, B TOM YuCNe MeECTHbIX 
OpraHoB BNacTH; 

- AKLWMOHMPOBAHKE CPCACTB HaCeneHHn WM NOTeHUMANbHbIX NoTpPe6uTenes CBASHbIX U 


Tene paAvoRelyaTenbHbix yornyr. ‘ 
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[ipnBeZem OCHOBHbIC NPUHUMNb! RANbHEKUerG PasBUTUA NOCTPOEHHA KMHTeErTPHDOBAHHbIX 
TENE PaAKOUHPOpPMAaUHOHHbIX CHCTeN : 

1. Napannensxoe dyunumonnpopanxe 6 6ripxalwem Gynywiem cyuecTByroujel CMCTeMbI 
PacnpehenenwA TENEBUAGHHA, PAAKOBEWAHRR MW CBA3K WCKCTeMmb! MMTPKC kak Trexnnuecku 

COBMCCTMMbIX CHCTeM . 
| 2. fiocrenehuan KNTerpauMA CpencrTs u cnyxK6 TenepagHoBemaHun Co CpegCcTBaMi UM 
cny kha CBH3K NOG ynpagneHKem M KOHTpONemM eguHnoro TeEXHNYECKOrO MK OpraHn3ayWOHHOro 
Llentpa. 
3. floctpoene cneyMansHolk TeneKnHOpMalMOHHON ceTn, obecneunBaliowmen 
adcexTHBHY!O paOoTy B YCNOBMAX UPesBEliawHhbix cuTyauMe HC. 

4, Mepexog of Popmuposanun Wentpamk KHHTerTpypoBaHHbIx Tenepaguo-HHdopMalWOHHbix 
ceTew permonoe LIATPMC-P nepenayn crangapTHbix TeneBH3HOHHbIX PagvOBewWaTeNnbHbix vf 
TenePOHHbIX CMFHaNnoB K POPMUPCBantito C MOMOMNLIO CheUMaNbHOM annapatypbi, CurHanoB 
MYFIbTHMeDHA. 

B KANe@CTRE MCTOUHHKa HH@POpMayMK MOFyT OniTS GuOnMOTEKH ay Quo-BHOQeOMHMOpMauMH Ha 
ONnTHYCCKMX AMCKaX, UMCPoBble Gankh DAKNLIX KOMMLIOTEPHbIX CeTeH, B TOM 4NCNe | 
M@kKAYHaPOANbIX, 4 TAIOKe TEKCTOBbIE KM MpadpKeieckan HHPopMauny, nonyYyaembie no und@posonr 
COTOBOM pagnOcBaA3H. 

Peanmu3auna NpoekTa B COZN4aHNM MHTerpnposavkelx TenepagnOnn@opMalWKOHHbix CHCTeM 
VTPUC npenycmaTpuBaer pemenme ChemymuKXx 3aga4: 

B Co3ganne VincTutyTa “nTerpMpoBaHhblx TenepannouncopmMauMCooHbix CHCTeM, 

ONnpeMenoillero TEXHHYECKYIO NOSUTUKY; | 

M Pa3zpaGSorTka K ONbITHaR SKCTIyaTayuA OTeYeCTBEHHOK Cuctemb! MATPUC (B Hactronwee 
BpemMaA NONyYeHHb! NONOXATENbHbIe pe3syNbTaTb! ONBITHOK 3KcnNnyarayny); 

& PazpaOoTka KOHUeRIMA PAIBMTKA UKTerpHPOBanHOH CeTM B MAKDOBONHOBOM AManazoHe 
Ha TeppwTopuN YepaMHbl C yYeTOM NpeANOKeHHON OPranHH3ayKOHHOH CTpyKTypb! 
ynpasneHnna wu KOXTpONA (pc. 1); 

_® PaspaSorka TexHM4eCKMX MpOeKTOB OTeYeCcTBeHHbIX CucTem MUTPUC, TPUG " 
LIATPUCG-P; 

HR Pa3zBepToinaxne cuctem MATPKC, UTPMC wu LUTPUC-P c yuerom nepexoga Ha 

uNcpownoe TenepanquoBsewmane; 

KB Pa3zpaGotTia AHTeDaKTUBHbIX CKCTEM TB-MYNbTUMeDMS; 

HE Paspaborka uM Co3yaHve WeHTpa ynpaBnerkks * KONTpONnA TenepagnonHPopmMallMoHHOn 

CeTbto YxpanHbl; 


& P3paOoTKa Nnaka KOHBeEPCHK Aik sarpy3k4 NpennpMATHK OTEYeCTBEHHbIME 
paspaSoTKkamM. 
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Puc.i OprannaauMonuan CTpyxTypa yiipasnenun wv KOHTpONA WHTerpupoBanHon 
TENS PavoOUNMoPMaUWOHHOK ceTbiO YKpanHbl. 


TASK OF COMMUNICATION AND BROADCASTING INTEGRATION USING 
MICROWAVE INTEGRATED TV, RADIO AND INFORMATION SYSTEMS 


Nariinik T.N., Bulgach V.L. 
institute of Electronics and communication of Ukrainian Academy of National Progress 
) 2’b” 50 Let Oktyabrya Ave., Kiev-252148, Ukraine 
fel. (044) 478-38-76 


The conception of integration of TV and radio broadcasting and communication systerns (MATPUC) in Ukraine is offered. It is based 
on microwave systems application. 
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OCOBEHHOCTH MW TEPCIEKTMBbI MHKPOBOJIHOBOM 
WHTEDPHPOBAHBOK TEJIEPAMOMH®OPMAIMOHHOM 
CHCTEMBI CO CBOBOJIHbIM PACHPOCTPOHEHHEM 


PAJIMOBOJIA | 


T.LLAAPbITHHK, BJLBY JAY, 
B. H. PAJIHY. 


flocraHopka Bonpoca o uenecoo6paznocTH, OcoSennocTax H HepcneKTHBRaX MHOrOKaHasbHoll 
TelepadMOMNHMopManBGUHOl CuCTeML! CO CBOGOAHLIM pacnpocTpaheHHem pakMOBONH B AManazonax 4acToT 12- 
13 rPu, 27-30 rn, 58-64 ru, npeqcrasaneres caoespemennoii, Mpowecc pa3sBuTAn TenepaqnOBelanHHA B MHpe 
NPOHCXOANT Ha OCHOBE pacnpeReNUTeIBHBIX CeTeH, OPHEHTHPOBARUEIX HA UM POKOMOOCHBIe CeTH 
HHTerpaJIbHOre OOCHyXUSaARHA, C HCHONL3IOZAaHMEM HOBBIX TeEXHOJOrHii WH TEXHHYECKHX cpeACcTB 
TeNeKOMMYHUKaLHH [1,2]. 

M3BecTHO, YTO BOSMOKHCCTH AWATA3OHA METPOBBIX BOJIH AIA PasBuTAA TeNeBHIMOHHOFO BeLAnHA B 
rycronacenennod wacTH Ykpannbl npakTuyeckn McdepnaHbl . iis AWanasona ACHMMeTPOBbIX BON 
BOIMOMHOCTH OF PanHdenbl, HOCKONILKY KaXkRbIh paspeuieHHblA Kahasl , KaK NpaBHJlo, HCKIOUAeT NPHMeHeHne 
ele Thex COceqHHX APYIHX, XOTH B OOMEM Chy4ae ¢ OAHHM pabouwM KaHasioM HeCOBMeCTHMB! WlecTh KaHasloB 
(aba CMEXKHBIX H YeThIpe 3e-pKAbHBIX ). 

He mMenec chokHoe NOsOKeHHe CO SBYKOBLIM pasHoBelmaHlem ¢ “acTOTHOK MOAYJIAUHeH. 

OFHHM 83 CAMBIX DepCheKTHBHEIX NyTeil YBENH4EHHA 4NCHa pacnpeestHeMbIXx NporpamM - 9TO, 
nepexog B AKANAION CAHTHMNTPOBLIX WH MHJLUEAMeTpOBbix BOTH (CBY, KBY) n co3qanne B 9THX ANana3z0nax 
MHKPOBOJIHOBLIX HHTErPUpPOBaHHbIX TelepaqhonN@opMauHounalx cactrem (MATPHMC). 3a py6exom B 80-x 
rogax Ob paspaborTanhb! Npocreiiwue Taxne cucTemb! B HwxKHell “acTH CBU ananajona ans pacnpenqenenna 
TEHCBHSHCHMBIX HporpamMM KOTOpbIe NONyunAK HasBanHe MMDS (multipoint mikrowave distribution sistems) u 
KOTOPBIE ABIAIOTCHA ALTE HPHATHBON CYWIECTBYIOLEHX CeTeH KONeKTHBHOTS UpHema (CKII) u ka6enbHoro 
Teneprnrennn ( CKT } [3]. 

Oanoli #3 OTAKUHTENbEBIX OcoGenHnoctrelt cucremp1 MATPHC apnaerca BO3MOKHOCTE 
Tee paqHOBeManhA Ha IKONOTHMECKHX OesonacHBIx ypoBHAx MomHOcTH (418 MATPHC-50 mBr na ogny TB 
nporpammy, Asia MMDS-50 Br). 

Cucremb: MMTPHC Gosee komuakTHbi H MOGHIbNBI. PaapopaunBanne cera MMDS nponspogntes 3a 
HECKOJIBKO JHeH B OTINUBK OT DPOKIaAKH MarHcTpasbaLx Kabenelt B yYCHOBHAX FOpOCKOH 3acTpoiiKH u 


NPCOMONCHHN BORHBIX NPCAATCTBHH, UTO ABSIBETCH ROCTATOANO CRORKHLIM WpPOWeccoM, ¢ yYeTOM CTOHMOCTH 
Kadena 1 YCHINTeNLHOrOS OGOpyAORaHNH. 


Mcnosb30Banne cuctem MYMTPHC nossonser chats orpanw enna” 10 ycOBHAM 31eKTpOMarHHTHo! 
COBMECTHMOCTH, yBeMu4HTDL KO 30-40 pacnpexenaemnlx nO pagnospupy TenepagquonAdopmauHoHHEIX 
nporpamM, € YHCTOM CMKOCTH HCHOMb3yemore THaNa3ona, CHUSH Th H31YYaeMy lO MONIHOCTS HW peasiM30BaTb 
BaKHbIC CBOKCTEA NPHeEMO-NepewalomiHx CHCTCM, TAKMe KAK HANPAaBIeEHHOCTh H BCeHAalpaBMeHHOCT. 

CpolicTs0 HalpaBNeHHOCTH 3akmo4uaeTcA B NpumMeHenny BceTA MATPUC ocrponanpapnennnix 
anTeHH [4]. C Nomoto 3Toro cBolicrBa oGecneuneaetca OOMeH TenepaqHonHopMalvell MExXIY 
MHOFOUMCENHBIMH 260HeHTAaMH H CTalMoHapHol npHemo-nepexarowei cranuneit. Taxumn aGonenramu Moryt 
BbICTyYHaTb Kak HHAHBAAYAIbHbIE HObIOBATEIN, TAK HW CKIT wn CKT, 

CBOHCTBO BceHanpaBAeHHOCTH 32KU04aeTCA B PHMeHeHHH aHyenH C KpyroBol JHwarpamMmol 
HanpaBLenHocTH .« Peanw3yemoe cucremoli MATPHC, 9370 caoiictso nenaer penosOUHOHHbil CKA4OK, Tak Kak 
BO MHOFHX C)lY4anX NOIBOIACT 34MCHHTD B OyAYWIeM CYMeCTBYIOWLYIO 9KOMOTHMECKH HEGesonacnyl0 H 
SHeproemkyto Telepaknoepesalomrylo Ceyb METPOBOFG H ACHHMETPGBOIO AHWanNa30HOB BOMH. 

PeaJIH30BaTb ITO CBOHCTEO MOKHO C NOMOLMNbIO HOBO! TEXHONOrHA NocTpoeHuA BceHanpaBseHHoL B 
FOpHs0HTaIbHOK MIOCKOCTH Nepesaioneh anrennst. Cxema nocTpoenHa Nepexaouell anTeHHb! NpHBeLeHa Ha 
puc. 1. Ona coxepxnt riaByoe 3epKasio 1 B Buye Tena BpaleHHa c napaGonm4eckol NoBepxHOCTHIO, 
BCHOMOFaTeNbHoe 3epKano 2 ¢ SIHATHAeECKOH O}pazyiomleli NOBepxHOCTH HM KONTppedseKTop 3 ¢ 
rnnepSonHdeckoh o6pasyloulel MOBepxHocTH, a TaloKe NepBH4BLI OGy4uaTenb 4, seMeHTEI Kpennenna. K 
NepBH4HOMY OONyuaTesuo “epes AyneKcep 5, CyMMaTOpLI 6 No_coeAHHAeTCA MHOTOKaHnaJbHblii NepenaTHHK 7 
C BbIXODHOK MOWMHGCTbIO 0 100 MBT Ha ofny TeeBH3HORHYy nporpammy. Pa3pa6oTannaa nepenaioulan 
aHTeHHa obecKednBacr & 4acroTHOM AHaMazone 11,7-13,5 [Pu koapdunuent ycusenua Ky=16 ab. 

Iipnemban aboneHTcKad aHTeHHA BbINO/IHeHAa Tio ABYX3EPKabHOl CKeMe H COCTOHT H3 3epKasia 
aMaMeTpOM 9,25 nan 0,38 M , c c6mysarouel cacremoh. O6ny4aouaa cucrema npeactaBsser coboit OTKpLITbIit 


KOHEH KPyIJiOrod BOHOBOAA C MIOCKHM KOHTppedsekropom. B wentTpe KonTppedsiektTopa ycTaHoBsiex 533 














cornmacylonull paccenparenb KOnHUECKOR dhopmol. Konctpyrunr OGRYUATCAR TCXHONOTHUNS HW MOIBONAeT 
CHHSHTS CTOMMOCTE aNTCHHBL Takne auTeHnbl c koxp puunentom yennenua Ky=26 nb nosBesmor oGecnean- 
BaTb B AManazone uacror 12 PP u yerotiausnl npnem # paguyce 25 eat, np Koobdunuente wiyma KOHBEpTOpa 
2,0 ab. 
Peanmzaune CROMCTRA BceHampaRNeRHOcCTH B MEJUINMeTpoBOM AManazone 27-31 Tu OCYMIECTBIAETCH 
C HOMONILIO TakoH Ke Wepenaiomiel anreuuel c KpyToRoli QuarpamMoli RaNpAaBASHHOCTH B rOpHIOHTaILHNOn 
“MOCKOCTH, UMeIowe Ky> 20 ab, W HanpaReHnnbix RpReMHLIX aHTeNNax ¢ KoIbounHeHToM YCHJICHHA B 
‘Npexenax 40 ah. Paguye qeilicraun Taroti cucrempt MOREY COCTABIATS 40 16 KM. 
| Tak Kak cucrema MMATPHC, peanHzyoman STH CROHCTBA , COBMCCTHMA C CYHIECTBYIOWCH CeTLIO, TO 
| PeBOIONMORHLI cKa4OK co3slaHMa creTembl MATPHC na COBPEMCHHOM ITANe IBONIONNGHHO BRHCLIBACTCH B 
CHCTeEMY BIAHMOOTHOUICHHH C CYLecTBYIOMeH TeHepakHOHHopMakHOnHol cernio. 
| Crojicrse BceHanpaBnenHoct , peann3syemoe cucremoli MATPMC, onpenenaer guepreTnueckhh 
BLIMTPLIW, CO34ACT IKOMOTHGEeCKy10 GHesonachOcTh, OTAHMACTCH BLICCOKHM Ka4ecTBOM BOCMPOH3BeqeHHA 
HHDOpMalvy H peske yYReNMYeHHOH emKocrh0 BOIMOKHOCTEH NONbICRATENA CeTH. 


Cpolicrao HanpaBlennocirn MATPHC oGecneansaer cen3) ¢ UCTOURHKaMH HE@OpMauMH, 
ONPCREMMIOMLHX CC MBGHCMEMTCHILCHOCTE . 


B wacroniiee BpemMs NPOMCXOANT yaenNseune yyeNbHOrO Beca UbpoBLIX PawHOpeneHHbix cucTem 
nepegadn (LAPPCID), c yserom cnegyioumx npelimymects uMbpoRo Mepenaun u oSpaderen cHrHanoR: 
[ipocrora o6bennHenna HW pasesqMNeHUA MHOFHX HeE3aBHCHMBIX coobmennii; 

BosmMOxHOCTh CO344HHH KATerpnpoBannoit unbpowoli cern; 
Buicoxas fomexoycToHYHRocTh & OTcyTcraHe 3¢xpekTa HAKOMIenUn HeK@Kenni pH 
peTpancishan CHFHAIGB 

E Bo3ImMOXHOCTL AOCTHVKENHA OUeHd MAJILIX 3HANCHN BepOATHOCTH OMHOKU Np Hepelaue nyTem 

oGHaApyKeHhs K HchpaBMeHMs O1HGOK; 
H Tipocrora cnoco6a oGecnheveHna CKPLITHOCTH CBA3E; 
E Hpocrota 3cciiyaTadun W BRICOKaN HAAOKHOCTh aliNapaTypLl. 
PasBuTHe HHpoBLIx MeTOZOB OSpaborkyH HM Nepelaun CArHaIa NO paqnocTBoNam HOAy4AIO ABA 
OCHOBHBIX HANpaBleHha: coIgqanMe CHenManbHbIx LPPCI nw nectpoenne rn6pnaneix cucrem, 10 cTBOMaM 
KOKTOPbIX OpraHMayerca” Nepezava WNDPpoOBOH uw ananoropolk MAGOPMaLUH, Kak COBMECTHO, Tak H pasqesbHO, 
NYTeM NPMMeHMHHA CHEMMAIbHbIX YCTpPOlcTR conpmxenna. 
TJosLimenne yresLHO cKOpocTH Nepelaut HHbopMaLHA, YIHTLIBAN Hanne OonbUOrO 
AMHAMMYCCKOLO AHANa30Na Y PAMMOCHCTEM NPOHCXOAMT 33 C4eT NPHMeCHeREA MHOFONO3HIHOHHOHro 
KOAMPOBaAHHA COBMECTHO C AMNAMTYANO-Ga3zoBbiMu MeTOAaMH Nepenaun. 
Ha puc.2 npeqcrapiena crpykTypmar cxema cncremEr MATPHC. Crucrema cocrout 43 cneqyioulnx 
NoACHCTeM: | 
B lpvieMa CHYTHHKOBLIX TenenporpamM (TresieTepMHHas, TeNenOpT), NPANUMAatolel Gomme 
KOJINYeECTBO TeenporpamMM co cHyTHHKOR, B30HY BEDIAUMA KOTODEIX BxonHT Ykpanna WAH MecTo 
PACHONOMCHMA NOMCHCTEMEEL 5 

@ npHema 3@upHbIX Tenenporpamm 3 

M cTYRHHHO-antapaTHOre KOMENICKCA AAA COImaAHHA CoGcTBRENHO nporpamont ¢ PopmMarom 4:3, a 
Takxe ¢ dopmatTom 16:9, KoTOpLIi BBOAHTCH KaK cocTasHas “acts TBY; 

MM NOACHCTeMbI MHANBHAYabHoro NpHeMa; 

Mi NOACHCTeEMBbI KOIEKTHBHOPO npHema; 

Be ToqcHeTemMb! FpHeMa CheHMaANLHOH HHdopmMannn. ear 

B 3aksuoueHHe OTMeTHM HeEKOTOpbie TeHIeCHURH PasBETHA cheTremb1 MATPHC. 

1. Hapannenbnoe pyHkunonnpopanne ¢ cyniecrByiomiell cucremoli pacnpenenenna TeneBnAeHun u 

paknoBelianus C YHYCTOM HX COBMCCTHMOCTH. 

2. YeetHuenne HHbopmManqnonnoh emmocrn MUTPHC, koropoe Aaer HOBbIe BOSMOXKHOCTH PasBHTHA 

TeENCBHACHUA HW PAaHOBELAHHA, a TAKAKE CTAHOBECHHA HE3AaBNCHMBIX TeepaqHOKOMNAaHHE . 

3. Peannsauusd BOIMOKHOCTeH paboTh B HRTepakTHBHOM pexume. IIpu 9TOM nomKcroucHHe K 
KOMMbIOTEPHOH CTH NOSBONMET NOS YYMTh NpakTHuecKH HeorpaHvienheli AocTyn K 21060! HHOp- 
MalHH B AHANOrosoM pexHMe. 

4. Oprann3allud AByYHaAnpaBJayHbly HH CBAGA MOxAy WeATpabHol (6a30B0i) cranynel un 
(PpUKCHpPOBaAHHDIMH abGonenramn. 

5. Peannsanua pexumMos paGornl c 3akpenieHaLimMlh Kanvanamy 4 (MJIH) ¢ MpeqocTaBeHnem KaHasioB 

io TpeboBaHnny. 

6. PopMnpoBaKHe UeHTPatbHol crannmwel ¢ KHOMOIILIO CHeMMANLHOl Teneanmapatypyl, HapAy co 

CTanAapTHBLIMH TECBUIHORHLIME HW PalHOBeMlaTeNbHbIMH HPOrpamMMu, CHPHAAOB MYJIbTHMeLHG. 


7. Vlepexog na wubposoe Thepaznonemanne. 
Martepraant 6-H Mexaynapoanoit Agamenoi Kexporoanosoh Ronhepenyun ReerKahe' G6. 16-19 centa6pa 1996 v., Cenacronoas, Kpsim, Ypania 
5 3 4 Propeedings of 6th International Zeemean “*Acrowave Conference Gra/Me2e'96 . 16-19 September 1996, sevastopol, Crimea, Ukraine 
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FEATURES AND OUTLOOKS OF MICROWAVE INTEGRATED TV, RADIO AND INFORMATION 
SYSTEM WITH WAVES PROPAGATION IN FREE SPACE 


Naritnik T.N., Bulgach V.L., Galich V.N. 
institute of Electronics and communication of Ukrainian Academy of National Progress 
2b” 50 Let Oktyabrya Ave., Kiev-252148, Ukraine 
tel. (044) 478-38-76 


The description of microwave integrated system (MIUTPUC) for TV, radio and information signals translation is given. Fiow charts 


of the system and of transmitting antenna are detailed in this paper. 
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Pie. 2 
CrpykKrTypras cxema cncremps MATPHC 
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